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; SR KRISHNA COLLEGE OFI
} TECHNOLOGY, lormerly known as VLD i
| JANAKIAMMAL COLLEGE OF ENGINEERING '
LAND TECHRNOLOGY, is aname synonymaous to !
high gquality technical wducation. The !
' department of civil engineering is old as the !
Uinstitition and was established in 1985, 10!
'V ofers UG degree in Cwil engineering and PG -
"degree in Structural engineering. The -
! department is a research centre for those |
! pursuing their Ph.D/MS (By Rescarch) under |
|| Anna University, ChennaiThe department is |
! active in research activities related o waler, air |
; aad soilcontamination and remediation. i
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:Indi;n is among the 23 nations around the |
* globe where health problems occur due to the
; consumption of fluoride contaminated water. §
| An estimated 62 million people in India are §
; affected with dental, skeletal and/or non-
; skeletal fluorosis. Fluoride in cxcess of 1.0 |
, mp/lcauses demal fluorosis. It can also result |
,in skeletal fiucrasis and non-skeletal!
i manifestations i.e. 17ss of appetite, joint pain, !
| stifiness of neck and back pain, gas formation, !
i laziness in routine life, increased urination !
1 cic, as commonly reported in Auorotic regions. :
! Fluorosis. being an untreatable disease, can
ionl_\' be mitigated through prevention andi
; contzol. Two major interventions: 1) safe water i
y and 2)nutritional supplementation aré nOwW |
, practiced in India for combating the health |
| complaintsarising due 10 fluorosis. 1

| A good newworking benween Public Health !
! Engincering and Health Sector personnel, ©
! well-defined nbjectives for provision ufi
; eafe/defiuoridated water; improvement in the i
P

"

nutritiona
: solutiona to tackle the
i fluorosis problem.

i The major thrust arcas of this scminar are

+ To understand the prevalence and effects

i ofdemal and skeletal fluorosis in India

i ¢ The technology for providing safe water on

1 nsustainable basis

+ To emphasizeon the importance of diet for

minimizing the adverse effects of fluoride

!+ To sensitize the people onthe hazards of
fluoride contaminated water and

: & Toinitinte the process of chalking out

| strategics to manage fluorosis
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The Indian Council of Medical Research |
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|
1
1
1
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1
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1
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1
1
!
! (ICMR), New Delhi, is onc of the oldest
: medical tesearch bodies in the world.The
i Council's research priorities coincide with
; the National health priorities such as control
i and management of communicable diseases,
i maternal and child health, control of
I putritional disorders, developing alternative
! strategies for health care delivery,
: containment within safcty limits of
i environmental and occupational health
; problems; rescarch on major non-
1 communicable disenses. All clforts are
i undertaken with a view to reduce the total
I burden of disease and to promote health and
! well-being of the population.In recent years,
i rescarch has been intensified progressively
; on emerging health problems arising due to
i various factors.
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INTRODUCTION Table 2 Chemlcal Properties of Rice Hozk Ash
Concrete Is one of the crucial materlals for Infrastructure de-
X 2l
velopment due to its versatlle application. globally its usage Chemical properiles himian
1s gecond to water. Due to Increase In the cost of conventional Silicon dioddde(S10,) 8832
building materials and environmenta! hazard, the designers and
developers are looking for ‘alternative materials’ to reduce the Silicon dioxlde(510,) : 046
use of cement in ¢ivil engineering constructlons. For thls objec-
tive, the researchers are trying to use various waste products Ferric oxlde(Fe,0,) 067
In concrete technology. The objective of this Investigation Is to Calclum oxid(Ca0) sl
stmdy the effect of partlal replacement of cement by Rice husk
Ash 23 a Mineral admixture In concrete and also adding Natural Megnesium oxlde(MgO) . 0.44
fiber (Colr) to Increase the le@de strength of concrete. Sodlum oxide{Na,0,) 012
MATERIALS USED AND METIIODOLOGY Potassium oxlde(K.0
= i . «K,0) 291

The Ordinary Portland Cement of 53 Grade conforming to 1S
. 12269 - 1987 was used In this study. The specific gravity, Initial
end finz] getting of OPC 53 grade were 3.15, 30 and 600 minutes

7 respectively.

FINE AGGREGATE

Locally available river sand conforming to grading zone 11 of 1S
283 ~1970. Sand passing through 1S 4.75mm Sleve will be used
with Lhe specific gravity of 2.65.

COARSE AGGREGATL
Locally available blue metal was used. Crushed granite stones of
size passing through 20mm sieve and retained on 4.75 mm sleve
2s per 15: 283-1970 was used for experimental purpose.

WATER

Casting and curing of speclmens were done with the potable wa-

* ergy absorbent materlal. It 1s conclud

COIR .

Coconut fiber Is one of the natural fibers abundantly available in
tropical regions, and Is extracted from the husk of coconut fruit.
The aim of this review 1s to spread awareness of coconut fibers
as a construction material in cvil engineering The versatility
and applications of coconut fibers In different fields Is discussed
In detall. Coconut fibers are reported as most ductile and en-
ed Lhat coconut fibers have

the potentlal o ba used In composites for different purposcs.

In clvil engincering, coconut fibers have been used as relnforce-

ment In composites for non-stru
need of Investigating the bchtﬂ::‘lor:lc?gponmu s e

Table 3 Properties of Coconut Fiber

ter that s avallable In the college premises.
Propertics Val
RICE HUSK ASH ue
RHA, produced after buming of Rice husks (IU3) hes high reacily- Fiber length (mm) , e
jty and puzrolanic property. Indlan Standand code of practica for 110
platn and relnforced concrete, 1S 456- 2000, recommends use of Mber diameter (mm) —
RHA In concrete but does notspecily quanutes, The physical and 0.1-0.406
chemical properties of AlA are shown in Table 1 and Tablo 2. Averago Lonslla strength(N/mm?) 150
Table 1Phywical Properties of Rice Husk Ash : Specific gravity L1115 ‘
Physica! properties Value Elongatlon (%) .y '
— 25
Specific gravity 219 EXPERIMENT, —J
: A
. i L INVESTIGATION
Pineness passing through 45jum sleve In (%) 295 Mix design Iy the proc
. Process of sel
a Joct of praad determines thaiy uluh-uun:-::umbh Swrdlin of
\alaur rcy rabl) Producing concretq of Portions with the ob-
Ity as cconomically ay possible. minimum strength and dy.
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ABSTRACT

This experimental Investigation Is focus on finding the flexural and shear behaviour of varlous Fibre Relnforced Concrete (FRC).
The fibres used In the Investigations are Steel fibre, Recycled Polyethylene Terephthalate fibre (RPET) and Polypropylene (PP)
fibre, in the volume fractlon of 0.5% of the concrete, And 1t was compared to the nominal mix of M40 grade of concrete as per 15
10262:2009. Fibres are usually used In concrete to control cracking due to both plastic and drying shrinlage. The mechanical
properties of [resh and harden concrete was studied earller, In that the Polypropylene flbre concrete had guod In woikability and
steel fibrous concrete achleve % strength than the ordinary concrete, Totally three samples were tested for mechanlcal propertles
and two samples were tested for flexural and shear beams. The beams were subsequently loaded to fallure by two point loading,
different modes of fallure and the ultimate strength and deflectlons were observed. The results show that the Steel and
Folypropylene fibres were generally contributed towards bridging action and It achleves the maximum strength comparing with
the control mix. The RPET fibre Is comparatively lower than the other fibre,

KEYWO RDS: Fibre Reinforced Concrete, Stecl, Recycled Polyethylene Terephthalate, Polypropylene fibre, Mechanical,
Shear and Flexural behaviour, bridging actlon and maximum strength, .

INTRODUCTION

Fibre Reinforced Concrete:’

Concrete is the most widely used construction material in the world duc to its high compressive stength,
long scrvice life, and low cost. However, concrete has inherent disadvantages of low tepsile strength and crack
resistance. To improve such weaknesses of tho material, numerous studies on fiber reinforced have been
performed Sung Bac Kim et al [12]. The research results show that concrete reinforced with steel fibres
significantly impraves the performance of concreto and the polycthylene refutes its disadvantages such a's
workability, tensile and shear strength, One of the most fmpom\nl functions of steel fibres in cun'crclc is the
ability to transfer stresscs across the cracked section, providing (o concrete a residual strength, which inagnitude
depends on the fibre, matrix and fibre-matrix properties Yinlng Ding er af [14). Add{lion of randomly
distributed fibers (steel, synthetic) drastically improves the performance of concrete and negates its
disadvantages such as low tensile strength, low ductility, low encrgy absorption capacity and high shrinknge
cracking etc., which depends upon fiber type, size, aspect ratlo and volume fractions of tho fibers used, ;

Flexural and Shear behaviour:

To Clte This Article: Karthik M.P, Dr, Sreevid, - obert
Behaviour of Fbe Reinforee] Coneree leams, 2016, Vo Dr. Robert Ravl snd M. Gowtham 1], ixpertmental Starly on Fevard an

2 ol "lu'iu‘,l
2016. Advances In Natural and Applied Sclences. 10(1); Papges: 57-64 3
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Waste Foundry Sand as a Replacement for
Fine Aggregate in High Strength Solid
Masonry Blocks

Mahima Ganeshan', Dr. Sreevidya V.2, Salim P.M.}
arch Scholar, Department of Civil, Sri Krishna College of Technology,
Associate Professor, Department of, Sri Krishna College of Technology,

Research Scholar, Department of, GITAM University,

Rese Coimbatore, Tamilnaduy, India'
Coimbatore, Tamilnadu, India®
Visakhapatnam, Andhrapradesh, India.?

ABSTRACT: The management of solid indu

strial waste is of big global concern nowadays. The majority of industrics
are not interested in the treatment and safe disposal of industrial waste due to its high cost involvements, causing
environmental and other ecological impacts. The disposal of waste foundry sand is of prime importance due to the big
volume produced from the foundries all over the world. Morcover solid masonry blocks which are widely used in
t clay bricks. This also has a disadvantage that it cannot be used
seismic resistant structures. This paper mainly targets on two solutions: making of commercially
th 5o that it can be used in load bearing structures and replacement of fine

agpregate in these blocks with waste foundry sand. Although many studics have been formul

sand in concrete, no such study has been

ated using waste foundry
reported so far with solid masonry blocks, Design of blocks were made
following 1S: 10262(2009) guidelines and testing of bl

ocks were satisfied using 1S; 2185(1979).1t was inferred that
about 20 to 30 percent of replacement of fine agprepate to waste foundry sand gave good results for all practical
purposes. This study also aims to encourage industries to start commercial production of concrete products using waste
foundry sand.

KEYWORDS: High strength solid masonry blocks, waste foundry sand, chemically bonded foundry sand,
compressive strength

. INTRODUCTION

Natural sand has been used widely in construction activities and is diminishing day by day. At present due 1o the
unavailability of natural sand, manufactured sand produced from quarries
concrete. Very soon in the near future there will be a scarcity for manuf
the new trend in industry and researchers are keen to find a new material that fit for the right purpose, lere waste
foundry sand can be effectively utilized as partial or l'u_ll rcph‘\ccmcnl of natural sand or manufactured sand. Waste
foundry sand (WFS) is a by-product of the mclzlll castmg mc!u_slncs generated frx)111 the released moulds for casting after
several reuses [1]. Foundry sand is basically Ingl} <quulvlly silica sand. Dcpcmlmg upon the type of binders used, wuste
foundry sand or used foundry sand can b‘c classified into green sund_ and c}\c|11|c;}1ly bonded sand. In green sand the
binder used is bentonite whereas in chemically bonded sand ll‘ is mmnI)_' qt organic system [2]. Due to the chemicals
present in the binders the disposal of waste foundry _gmd Ipr land filling may cause ut!vcrsc environmental and
ecological impacts. Due {o high treatment cosl, foundry industries are not muc!_1 interested to invest on the safe disposal
of waste sand. As per present disposal practices, the waste (oundry :tm.nd wluyh is dumped on blarrcn land cannot be
recovered. So the waste foundry sand should be used for other bcnclllcml nppllcallons to reduce its ml\Ccrsc clfects, In
this study the properties of high s‘lrcnglh concrclcr masonry blocks wnlh. partm‘l rcpl‘uccmcnl of waste ln.undry sand to
fine aggregates are examined. This alternate use is also advunlugco_us I saving of natural resources like
atural rock deposits to some extent ag nowadays manuf

are widely used for mass production of
actured sand also, Use of recycled products is

river sand,
which is in threat of depletion. It can also save the n

actured sand
Copyright to WIRSET DOL10.15680/1) IRSET.2016.0505037 6878
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Research article high energy ball

Synthesis, characterization and performance of _
milled meso-scale zero valent iron in Fenton reaction

Seivary Ambika, M. Devasena, Indumathi Manivannan Nambl 2 &

@ Show more
Get rights and content

https://doi.org/10.101 6/j.jenvman.2016.06.054

Highlights
+ Use of High energy ball milled meso ZVI (mZVI) in Fenton reaction was studied.

+ Iron speciation and oxidant analysis speculate Ferryl species at circumneutral pH.
+ Dissolved Fe ions easily migrate across mZVI’s oxide film than nano ZVI.
» Unbuffered systems showed efficient degradation with less residual iron and
sludge.

[n-situfex-situ treatment using scarp ZVI without buffer/stabilizer is possible.

Abstract

Understanding contaminant degradation by different sized zero valent iron (zZv1) particles is one
important aspect in addressing the long-term stability of these particles in field studies. In this
study, meso zero valent iron (mZVI) particles were synthesised in a milling time of 10 h using
ball milling technique. The eflicacy of mzVI particles for removal of phenol was quantitatively
evaluated in comparison with coarse zero valent iron (cZVI) and nano zero valent iron (nZV1)
particles. Phenol degradation experiments were carried out in sacrificial batch mode at room

vww,scIencodirect.conVsclence/arllcle/pil/SOB0147971 6304212
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. Water is the most precious gift
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. Water Quality Index of Cauvery River.and its Three
Tributaries, South India

\

S. Hema™*; T. Subramani**

*Dcpartment of Civil Engincering,

Sri Krishna College of Technology,
Coimbatore, Tamil Nadu, India
*sDepartment of Mining Engincering, CEG,
Anna University,

" Chennai, Tamil Naduy, India.

‘ Abstract

Various pl_x'ysico-chemical parameters including selected heavy metals (As, Cu, Zn, Pb, Cd and Cr)
of the Cauvery River and its three tributaries were studied in order to understand the level of
contamination due to anthropogenic and natural impacts in the river basin. It was found that the
water quality of Cauvery and Bhavani rivers varied from Excellent to Marginal range for drinking,
whereas Noyyal River was found unfit for drinking purposes. It was observed that the impact of
fiuman activity was severe on most of the parameters in these rivers. According to the watcr quality
index, the water quality was found fo be cxcellent with WQI less than 50 in all the samples of
Bhavani and Cauvery Rivers. The water quality was good in Amaravti River during post-monsoon
and it was found unfit for drinking during NE-monsoon at few places. All the snmplcs. of Noyyal
River had WQI values above 300 and were found unfit for drinking in both the scasons and secks
immediatc atlention, Even though the paramelers analysed are all within the safe limits in Cauvery
River, it would be better to treat the sewage before discharging into the rivers from"the human

settlement arcas.

Keywords: Cauvery River; Heavy metal concentration; Water quality index; Noyyal River.

1, Introduction |

nature has given to mankind. Unlike other resources, water does not

have a subsfitute in its main uses and it cannot be replaced. Virtually, no activity in the environment

' 761
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Study on Magnesi
yonM ‘g“l;lSlum Potassium Phosphate Cement Blended With
Y Ash by Concentric Loading Test

Sn.li,‘ii}” SUNDAR M', TINESII THA' AND M VADIVEL’
Shna C%%E};'c t:>_fr technology, Coimbatore, Tamil Nadu, INDIA
Email: m.leni chru lustitute of Technology, INDIA
nleninsundar@skct.edu.in, tinesh2509@gmail.com, vadivelnitcbe@gmail.com

Abstract: One of the main i i
(OPC). Cﬂl'bun-di[lwﬂ]i;;‘::(]:lg:)ng:uhims used for the production of concrete is the Ordinary Portland Cement
produced in the production - cgcns which is a major conln_bntor in greenhouse effect and L;'a: glo‘:::l_umrmi:g. is
cement by some other material ;em_ hence it is necded either to search for another material or partially r:p!?:c:
alternative to conventional ¢o - In recent years, fly ash when replaced with cement has emerged 2s 3 m2jor
savings, energy savings, and nerete ".“d has I‘fipldly drawn lhe concrete int_!u.slry attention d'.::_ to its cement
phosphate cements (M{('PCS) Cbolst ZaVlngS. cnvnyonmcnt'al and socio-economic benefits. Magnesium potassium
water demand and cost wc,r ended with ?anlally wmgl.xt percentage of fly ash (FA) to rcduc_c hc?u evelution,
struvite-K, an ﬂ.l]’\orphou.q 0”: ﬂlise.sscd using compressive st_renglh. In addition to the main binder phase,
alununium-phosphate h.u- Dp thhalc phase’ was delc.de.d_m FA/MKPC system. iifwas pc;tulat'cd sl an
s \lL‘lllun\'lr:uu\- 1hF ‘s‘c'd was _Iorm:-d; however. no significant Al-O-P interactions were zdcngﬁcd_ This
i \IIKP-' P ¢ need for fwther research on these binders, as FA is generally regarded as inert fillers
un M C. The etleets on using MKPC concrete of various mix(20%,30%,40% and 50%) was studied by
workability, compressive strength & split tensile strength. The durability study by sulphate attack test was

performed. The concentric load behavior will be monitored in column by casting with optimum percentage mix
of MKPC/Fly ash concrete.

Keywords: MKPC, Struvite-k, Fly ash, Aluminium-phosphate phase

1. Introduction 2, Material Properties

Magnesium potassium phosphate cement (MKPC)isa
kind of cementitious binder in which the chemical
bond is formed via a heterogeneous acid-base reaction
between dead burned magnesia powder and potassium

' phosphate solution at room temperature. Small
amount of boron compounds can be incorporated in
the cement as a setting retarder. The chemical reaction
resulting in the formation of MKPC’s is bascd on the
dissolution ol MeQ and KH,PO, reacting in solution
10 Torm struvite-K (MgKPO,'éHgo), which is iso-
struclural 1o struvite (NH,MgPOrGHzO) and is
naturally cementitious.

MgO+KHPO.* HZO——*MgKPO4'6H;O

In practical application, MKPC binders are frcqueqtly
blended with fly ash (FA) from the coal combustiun
process 10 reduce their produgtion cost, redu_cc water
demand of the paste, and lower the f:xolhermtw output
of the acid-base reaction w!‘i‘:h avoids cracking of l.hc
hardened paste. Alumino silicate glass can react \\zlut‘;
phosphoric acid to form strong phosphate bonde

cement. It is conceivable that 'thc gl.as.s_y alurn_xan
silicate fraction of the FA reacts 1n (!\c initially acidic
environment of the MKPC'. fofmm‘g :.n. sccf)m!ar.y
phase intermixed with s:r_uv_ltc-h. It .t.hls o.cum.. 11(;
could result i d matrix of higher density that ;lvo;:

be more impermcablc to water, have a hgher

mechanical strength.

The properties of materials used in the concrete are
discussed below:

2.1 MKP Cement

The rcaction product is magnesium potassium
phosphate (MgKPO,. 6H,0) that is formed by
dissolution of MgQ in the solution of KH;PO, and its

eventual reaction to form the product according to the
reaction.

2.2 Fine Aggregate

The sand sieved through 4.75 mm sieve is used

having specific gravity of 2.74. The finc aggregates
belonged to grading zone 111

2.3 Coarse Aggregate

Locally available coarse aggregate having the
maximum size of 12.5 mm is used. The specific
gravity of coarse aggregate that was taken was 2.74.

2.4 Fly ash

Fly ash is used as a replacement for cement. The
specific gravity of fly ash that was taken was 2.2.

2.5 Water

Waler is an important ingredient of concretc as it
actually participates in the chemical reaction with

ot el 4 L UALE D INNOYA TECHNICAL SOCIETY. Al rights reserved.
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Experimental Stability Analysis of Porotherm Infill Slabs
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is the method to make the

Abstract: Concrete i A
rete is the one of the construction material produced worldwide. Here r
f the slab is subjected to

no

efTective use A o ¢
of the material, In a simply supported RCC slab, the upper pa . ‘
te is very good in compression

compressive forees whi ioni
ces while the lower portion is subjected to tensile forces. Concre

ion zone. The concrete in this

while it is weak | X
K in tension. Hence the stecl reinforcement is placed in the tens ¢
purpose, By choosing the filler

ortion is onl :
: y for holding together the steel reinforcement and has no structural

traditional RCC slab. A light

material judici
naterial judiciously, we could save about 30-35% of concrete compared to a
is required. [n all we may expect

weight {1l i )
gl ler material also reduces the dend load hence less steel reinforcement

onditions is tested for the slabs wilh normal

::i:;:; about .25% of the cost .And for strength and stability ¢ ¥
ement and steel fiber strips. Finally the stability analysis of the slab element is done and the comparative

results will be given.

Keywords: Poratherm blocks, Flexture strength, compressive strength, Stability, Deflection

1. Introduction

Porotherm is the clay block used for the masonry
works. It acts as a light weight infill Material.
Construction block technology offers a speedier, cost
effective, environmentally sound alternative o
conventional walling materials. It is based on the
principle of densification of a lean concrete mix to
make a regular shaped, uniform, high performance
masonry wnit. This technology can be easily adapted
to suit special needs of users by modifying design
parameters such as mix proportion, water/cement ratio
and type of production system. To make the effective
usage of the building materials like concrele and steel
_And to have the stability to withstand the loads acting
e elements. The structure is long lasting with

on th
marvelous features. Pre-cast concretc rools are
roofing and sunshade

smooth. This type of concrete in
accessory will be resistant (0 (he extreme weather

condition.
2. Aim and Objective
The main objective

To analyze the
To reduce the self-
To reduce the cost.
To make the better finish.

To make the efficient usc ©
rotherm Blocks

Offering exceptionally fast, virlunllyldry construction,
plus high strength and thermal cfﬁcnc.ncy, Porolhefm
is a modemn clay block structural walling system '\V:llh
reassuringly traditional values, A natural progression
from handmade bricks to engineercd_blolck:f); it is
widely used and has been proven on millions 9f
projects for over 30 years in Europe in both domestic

weight of the slab elements.

f building materials

YV WV Y

3, Description of the Po

#SPLO20903103 Copyrightw

and commercial applications, and is ideal for use on
projects from single storey to Multiple-storeys.

Fig-1 Showing the Porotherm blocks of the different
sizes

Porotherm is a highly efficicnt alternative to other
building materials such as timber, concrete or light
steel frames and is suitable for a variety of
construction applications. Each Porothcrm block is a
precision designed  and engincerced  vertically
perforated walling unit made from prepared clay,

stability of the pre cast slab elements.
(with typically 20% recycled materials c.g. sawdust,

paper or minerals).

Types of Porotherm

Offering exceptionally fast, virtually dry construction,
plus high strength and thermal efficiency, Porotherm
is 2 modern clay block structural walling system with

reassuringly traditional values.
There are two type of porotherm brick is available,
thus are,

$ Porotherm HP (Framed Structure).
% Porotherm VP (Load-Bearing Structure).

13016 CAFFE T-INNOVA TECHNICAL SOCIETY, All rights reserved.
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Abstract: In recent

reinforced s years, Sell-compacting conere ;

Mundity t:is(x"llcmrc with difficulty i: :;;?il:’]t"”“‘-}‘f lSCF) gained wide use for the placement in the congested

i good cohesiveness. One B c_ondmon For, such applications fresh concrete must hi

high volume of Portland ccm, 5. Onc of the disadvantages of Sell-compacting concrele is its tp;"’”s @}

concrele is by adding miner Clnt "’"4 chemical admixture. One alternative to rcducc' the cos(lol'csosll’ e, o"

20%. Morcover, by the 1dd'€tl‘ :ldmnmfrc such as Silica Fume as replacement c:mcn'l by 5% T(J‘./COT.’?;CU:E

only it reduces the cc:sl L"J‘i“;g mineral admixture in the manufacturing rJI'ScIf-cn:ﬁp:lc.t'ing czncr:l;lnm
so reduces the heat of hydration, also parametefs like environmental

consciousness, sustai
_ s inable dev :
made with partial rtplacr.mcmc‘l?‘;-mcm plays imponant rale in future. So kecping that in mind the research is
oundry sand with fine aggregate by 50%. Knowing that concrete is weak in
results of experimental

tension, Glass fibre are i

programEfEimadia produc;ilggc:ndby ll% to improve the tensile property. The initial
are presented and discussed. Tt cva uating SCC made with fly ash, silica fume, foundry sand and Glass fibres
e Al PR - The mix design of SCC was arrived as per guidclines of European Federations of
comparison study of SCCP::'iEmfllng for Conf.:r.c:c (EFRNAC). Based on the results obtained from the
oeronses the carly ags Sir ll y ash an‘d’ silica !’qme the results have concluded that the use of fly ash
To stady the ﬂcxumfl; e Sg” and the addition 9( silica fume increases the latter age strength of the concrete.
i B Laviour of Self-compacting concrete and taking consideration of latter age strength of

of size 100 x 200mm and span of 1m is cast and tested for its flexural properties.

Keywords: Self-compacling concrete, Fly ash, Silica fume, Foundry sand, Glass fibre and Hardened properties

1. Introduction 1.1.2. Passing ability: This is the ability of SCC to
Self-Compacting Concrete (SCC) is a concrele which flow l!uough close spacing such 28 reinforcing bars
can be placed and compacted under its own weight under its own weight ithou! blocking. L-box, U-box
with little vibration. Self-compacting concrele is anfl'ﬁll box test are conducted to measure the passiog
cohesive enough to be handled without blceding and ability.
segregation. SCC was first developed in Japan in late  1.1.3. Resistance fo segregation: The SCC must meet
1980's to be used mainly in congested reinforced  the required levels of propertics and its composition
areas. pust remain uniform throughout the process of
transport and placing. GTM test and V-funnel at Tema

The increase of paste volume with emphasis to low
are conducted to measure the property.

water powder ratio (w/p) in the presence of

compatible chemical admixtures further strengthens
attaining homogen€ily. 5 { Cement

the fluidity and helps in
iscosity of the miXx,
Ordinary Portland cement of grade 43 is used with

Adequate homogeneity improves vi
he scgregation resistance. An

d viscosity is the confirmation to 1S §112-19890. Iis physical properties

are given in the table 1.

which in turn enhances t

optimum balance petween fluidity an

key 10 achieve  cfficient self-compacting

characteristics of the concrete mix 10 fresh state. table I+ Physical Properties of Cement

1.1, Properties of Sclf-compacting Concrete ~<No. ool Properties e

the following key -L_‘__jﬁgﬁ_ﬂ'&———‘j’li"
4.

2. Material Properties

Fresh SCC should possess

propenics related to workability: | ing
1.1.1. Filling ability: This is the ability of SCF,‘ 1 Final selting time E
paces under its OWN weight. 7 days compressive strength  N/mm’

flow, spread 27 | d orimet lest are
. . H ri 3

st, V-funnel test a7 ° 28 days compressive 45

N/mm’

Slump flow (€ Lo
easure the filling ability of SCC. —j_______smﬂﬁ‘_—/

conduclcd tom

d fill into §
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Study on Mechanical Properties of Se.lf
Compacting Concrete with Mineral Admixture
and Glass Fibre

V. Sre Adethya
Assistant Professor, Civil Engineering Department,
Sri Shzkahi Institute of Engineering 2nd Technology,
Coimbatore. Temilnadu

Abstract— In recent years, Self Compacting Concrete (SCC)
has gained wide attention owing to their placement use in
congested reinforced structures with difficulties in casting
condition. For such applications fresh concrete must pussess
high fluidity and good cohesiveness. One of the disadvantazes of
self compacting concrete is its cost due to the usage of high
volume of Portland cement and chemical admixture. One way 10
reduce the cost of self compacting concrete is by adding mineral
admixtures such as fI¥ ash, silica fume as 2 replacement 10
cement by 5%, 10%. 15% and 20%. Moreover. by the addition
of mineral admixture in the manufacturing of self<ompacting
concrete, cost and heat of hydration zet reduced. Also
parameters like emvironmental consciousness and sustainable
development plays an important role. Keeping this in mind,
research was carried oul by partial replacement of foundry sand
with fine aggregate at 50%. Knowing that concrete is weak in
tension, glass fibres are added at 1% to improve the tensile
property. The initial results of e1perimental programs aimed at
producing and evaluating SCC made with fly ash, silica fume,
foundry sand and glass fibres are presented and discussed. The
mix desizn of SCC was arrived as per guidelines of European
Federation of National Associations Representing for Concrele
(EFRNAC).

Keywords— Self compacting concrete, Fly ash, Silica fume,
Foundry sand, Glass fibre, Hardened properties.

L INTRODUCTION
Self-Compacting Concrete (SCC) is a concrete which can be
placed and compacted under its own weight with linle
vibration. Self-compacting concrete is cohesive enough to be
handled without bleeding and segregation. SCC was first
developed in Jzpan in fate 19%0°s to be used mainly in
congested reinforced areas.

The increase of paste volume with emphasis 10 low
water powder ratio (w/p) in the presence of compatible
chemical admixtures further strengthens the fluidity and helps
in anaining homogeneity. Adeguate homogeneity improves
viscosity of the mix, which in turn enhances the segregation
resistance. An optimum balance between fluidity and
viscosity is the key 10 achieve efficient self-compacting
characteristics of the concrete mix in fresh statz.

1L BACKGROUND AND RELEATED WORKS

Concrete is a mixture of cement, fine aggregate,
coarse aggregate, water and sometimes chemical and mineral
admixture. Due to increase in construction activities, the
demand of concrete is increasing and at a certzin point of

M. Mobamed Ashik

. e -
Assistznt Professor, Civil Engineening Depantment,
Sri Shakthi Institute of Engincening 22 Technology,

Coimbalore. Tamilnzde

lime the availability of cement 2nd other constitpernls of
concrete will bz exhausted. This can b2 reduced by the us< of
waste mzerizls (0F) py-products from the indusines 23 2
replacement materizl which will oot affect the cn:‘:'r:'.:
propertics. past research have concluded that the use o:.ﬂ;.'
ash, silica fum? and foundry sand increases e mechaniczl
propertics of concrete and 2ls0 by addition of these materials
in Self Compzcting Concrete (SCC) there is negligble
change in propertiss. In (1, 2, 3] the coment is replaced with
fly ash by 2 maximum of S0% and has shown that the
eddition of fly zsh will increase the flow property and
strength parameter of the Self Compacting Concrete (SCC)
From [4, 5] the cement is replaced with silica fume, 2 by~
product obtained from ferro-alloy industry. By replacing #
with cement by 20% an increasc in the strength propertics i3
noted znd it affects the flow ability of the Self Compacting
Concrete (SCC). The black foundry sand can be used In
concrete compared 1o other foundry sands (6] In (7, 8] the
incorporation of waste foundry sand increased the hardened
properties of self compacting concrete by a huge margin
compared 10 normal concrete. (9] Addition of fly ash not only
increases the hardencd propertics of concretz but also 1he
tensile property knowing that glass fibre 15 adopted t0
increase the tensile property of self compacting concreic. {10}
Addition of glass fibre by 1-1.5% increases the tenmsile
property of self compacting concrete by 5% compared 120
normal concrete.

.  MATERIALPROPERTIES

A. Cement

Ordinary Portland cement of grade 43 is used Wwith

confirmation of 1S 8112 — 19890, Its physi ies are
given in the tble 1. PRISER praprecnas

TABLE | Physical propertes of camart

[TsNo._| Physical Properties | Values i
| Seeciiic gravity I 314 |
‘[' 23 | |nitial seming tme | yrman !

Final setting tme | 3 : '

me 300
L 4. 7 duys comprestive wzength | 34 Nmm __‘%
{5 | 28 days compresuive strongth 1 58 ey |
B. Flyash

Class F fly ash obtained from thermal power plant i

used fi b | plant )
table 20,r the process. The physical propenties are given 1

LIERT V815030038
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of Ground and Tank Water Quality

Pose along Downstream Side of
Coimbatore City

Suitability Analysig
for Domestic Pur

Ragunath §*; Lenin Sundar M**

*Department of Civil Engincering,
KPR Institute of Engincering and Technology,
Coimbatore, Indig,
sragunathragu@pmail.com
**Department of Civil Engineering,
Sri Krishna College of Technology,
Coimbatore, India.
\ T
Abstract

singanallur tankwere choicen from coimbatore city, considering these tanks were comparatively

polluted due to manufacturing and municipal intervention. This study focused on ground water and

surface water interactions using MODFLOWat large exclusivtely as a groundwater-flow simulation

model.MT3D package from Visual MODFLOW was used to slmulat'e the contaminant transport. que

to advection and dispersion. Semi-structured interview was ].Jrepa_red in the Sti..ldy area after aCﬁ!Ulring |
the water quality test results. In view with the Tesponse given by the public, Source for drinking

water, method of waste disposal and spread of dlSCa.SC among the pc(.Jplc. were analy.zed. 50% of the -
people living nearby to the tanks dispose the waste into the tank, which is the most Important cause :

for water quality deterioration,
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structure is usage of hot rolled ste 0l - nong
The use of cold-formed steel merooy ip

buﬂdmfg, construction beganin the 1830 11 hoth
the United States and Great Britain.

In the past, cold-formed steel sectivns were
used as secondary structural members, for
cxample, roof purlin and side rail fur wall
cladding. As the industry demand grows :he use
of cold-formed steel members as primary
structural members, [or example, ool truss,
beam and column member, the cold-io:med
steel structures are relatively new technoiogy.

The purpose of this workshop is to provide
wide exposure about the cold formed sted

[P

sections, its usages with structural ns 2o nad

it is useful to vpgrade the knowledge in =i
technolegy.

Okiectives:

Tc understand basics concepzs
‘-'4'

fal

developments in

x [P
and Fsitnt

1) Forms of light cold formed sections

21 Leca! buckling concept
33 Cold formed compressionand tor &
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Application of remote sensing & Gis for demarcation
CJ-f groundwater potential zones in a part of cauvery
river basin, South India- A Case Study

S. Hema*' and T, Subramani?
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*Department of Mining Engineering, CEG, Anna Universilty, Chennal 600 025, Tamil Nadu, India
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ABSTRACT

Surface water sources are rather inadequate in peninsular India to fulfil the demand and have to be ) | | I
supplemented with groundiwater. Productivity through groundwater is quite high as compared to surface ; \
water. Cauvery basin is one of the best regulated and fully exploited basins and no documented estimates ‘r
of groundwater are available for the basin in the central part of Tamil Nadu region. The present study is an \
attempt ta delineate the groundwater potential zones in the central part of Cauvery river basin, South India
using integrated approach of Remaote Sensing and GIS techniques. Various geological and geo-morphulogical
factors play a major role in the occurrence, movement and potential of ground water sources. Survey of
India (SOI) Topographic maps and LANDSAT TM salellite images were used to prepare various thematic
layers such as geology, geomorphology, drainage pattern, lincaments, soil and slope, which influence the ]
occurrence, movement, yield and quality of groundwater. All these themes and their individual features
were then assigned weights according lo their relative importance in groundwater occurrence. The theinalic o
layers are then integrated using ERDAS image processing software and by employing raster calculator 1
toals in ArcGIS platform, a composite groundwater polentialindex (GWPT) for the study area was gencrated »
on the basis of which the overall groundwater potential map was produced. Three categories of groundwater
pr){e'nlial zones were delineated as poor; moderate and high. Groundwater occurrence is categorized as

'poor’ in 63.31% of the study arca which substantiates artificial recharge to augment groundwaler in the
region.

Key words : Groundwater polentinl zones; Remote sensing and GIS; Geomorplology; Drainage density; Lincament density;
Canvery River basin; Indin

Introduction . and industrial needs. However, the reality of poor

economic situation and challenges of expansion of
The incessantly increasing population in the devel-  many basic infrastructural facilitics to meet the in-
fy 1 14

oping world, especially in India, coupled within-  creasing demand on .thu.parls of the government

= wricultural and industrial development  warrants the need for individuals and local cotnmu-
cmf{b} l;-g ‘vgr demand for essential public utilities,  nities to look for sustainable alternative to the con-
ig:ﬁ;ﬁiﬁy, water supply for domestic, agricultural  ventional public water supply (Aggarwal et al., 200%;

e ——— T

'Con’csponding'aulhot’ s email: hemaenvironment@gmail.com; shema@skct.edu.in;
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Scientific Methods of Assessing Groundwater for Irrigation Purpose
— A Case Study in a Part of Cauvery River Basin, South India

Department of Givit En
'Department of

Abstract: Inpresent study,
the basis of various crite

S. Hemaand T, Subramani'

gineering, Sri Krishna College of Technology, Coimbatore -641 032, India
Mining Engineering, CEG, Anna University, Chennal - 600 025, India
E-mail: hemaenvironment@gmail.com

suqggests that rock-wate
alkallne and high saline

+anatlempt s made tq evaluale the quality of groundwaler for inlended usage for irmigation in Cauvery rver basinen
fia like Salinity Hazard, Sodicity Hazard, Alkalinity Hazard, Permeabiity Hazard and Specific ion Towety Gt

glo
Finteraction is the main mechanism of geochemistry in the area. The ground water of the study area is generally tow
Irrigation based orrthe

Naoyyal and Amaravati
In such stations to con

in nature. Atolal of 78 samples oul of 100 groundwaler samples have been found to fall under sutable categery for
analysis of the indices. Samples represent high 1o very high saline and alkaline categories in regions of confiuance of

fiverswith Cauvery and alsoin agricullural belts of Bhavanl river basin. Spedial types ol irrigation rmetheds are essential
trol the high salinity consequently Improving the yield,

Keywords: Groundwater; Cauve ry river basin, Imigation water quality; Glbbs plat; Wilcox plot

Water pollution across river basins varies in severity
depending on the degree of urban development, agricullural
and Industrial practices and systems for collecting and
trealing wastewater (hitpsi/iwww.idfc.com/pdl/report/
2011/Chp-1-A-Rlver-Basin-Perspective-of-Water-
Resources-and-C.pdf, 2011). The Imigated areas in the
Cauvery basin have increased considerably from about 620,
000 hectares-to 850,000 hectares, but proportionately
increasing the water demand also. The groundwaler lavels
within the basin range from less than 10 m during the post
monsoon period to as d.eep as 50 m during the hot summer
months and the beginning of the Southwest monsoon
(Frangois Molle and Philippus Wester, 2009). The
competition for water resources in the Cauvery basinand its
sub basins has increased pentaining to the rapid changes in
waler use. The quality of water has become a maljor threat in
maost of the river basins in India. Nearly about 70 per cent ol
the surface waler -resources and large proportions of
groundwater reserves have been contaminated due to
indiscriminate discharge of wastewater from the industry,

' agriculture, and domestic sectors which contain toxic organic
and inorganic pollutants. The Indian peninsular rivers are
principally fed by rain. During summer, their flow is greally
reduced, and some of them even dry up, untl they get
recharged in the nexl monsoon. Nearly all walers contaln
dissolved salts and trace elements, many of which rasult from
the natural weathering of the earh's surface. In addition,
drainage waters [rom imigated lands and effluent from city
sewage and Industrial waste water can impact waler quality.
The pollution of water resources caused by the discharge of

.

untreated municipal sewage and industrial efluents, and
agro-chemical contamination of groundwater has further
intensified the claim ol good quatity water.

The stress on water resources is apparently increasing

duo to the rising demands and the deteriorating quality of

waler. In many reglons in India, the extraction ot
groundwater is more than the recharge. The groundwater
resource has been exploited to the extant thal, many
regions in the country are facing severs problems. The
ovarexploitation of groundwater has tesulted in a number af
problems, such as sea waler Ingression in coaslal areas
and pollution in ditferent parts of the country. Groundwater
[s also polluted due to paint and nonpaint source pollution.
For example, occurrence of high Nluarids content has baen
reported In 13 States In India. Other pollutants, such as
arsanicinWastBengal, anditoninthe north-eastern atates,
Orissa, and othor parta ol the country have also been
reported. In tha canal Irrigated land of Haryana, Punjab,
Delhi, Rajasthan, Gujarat, Utar Pradesh, Karnataka, and
Tamil Nadu, groundwater is alfected due to salinization (the
alfected area comprises over 193,000 km! of land) (CWG
Repori, 2014) - .

Irrigation Is essential for agricultural  production in
inferiile and semi_aﬂd regions where rainfall Is not sufficient 1o
uphold crop growth. Irrigated agrculture consumes 60-807
of the lotal water usage and contnbutes naarly 38 % of the
global food production. Ithas provedtobe n principal factor in
generaling emplayment opportunities in the rural areas and

providing food far affordable prices for downtrodden pecpla
inthe urbanarea (Shahlnasi and Kashuta, 2008),
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Behaviour of Hybrid Fibre Reinforced Self Compacting
Concrete using Foundry Sand

Radhika R.S.™, Vennila A.% venkatasubramani R.3, Sreevidya V."

"M.E. Structdral Engineering Student, Srl Krishna Collego of Technology,
2 Coimbatore, India
Department of Civil Engineering, Srl Krishna College of Technology,
3 Coimbatore, India
Dr.Mahalingam College of Engineering and Technology, Pollachl.
*Sri Krishna College of Technology, Coimbatore, India

Abstract : The construction activities in the last few decades have increased many folds in
almost all the developing countries of the world. Sand is becoming a scarce commodity
globally because of its growing demand day by day. It is the need of time to scarch such
alternative materials that would partially or fully replace sand used in concrefes without
affecting its quality, strength and other characteristics. In order to reduce time and lo improve
the filling capacity of highly congested structural members by its own weight without any
vibration self-compacting concrete (SCC) is adopted.

The primary aim of this study is to explore the feasibility of SCC using foundry sand and
hybrid fibres**.As the mix design was designed based on finding the optimum percentage of
replacement of foundry sand and hybrid fibres based on literature review and development of
a suitable mix for SCC using code requirements, that would satisfy the requirements of the
plastic state. This offers a unique area of application of self-compacting concrete which can
flow through every corner of extensively reinforced area without any vibration and more
effective for seismic lo. : ’

This research consists of: (i) finding out the percentage of replacement of optimum percentage
of foundry sand and hybrid fibres based on literature review; (i) development of a suitable
mix for SCC that would satisfy the requirements of the plastic state.

1.0 Introd.uctiou

Cement-based materials are the most abundant of all man-made materials and are among the most
on materials, and it is most likely that they will continue to have the same importance in the
ese construction and engineering materials must meet new and higher demnands. When
facing issues of productivity, economy, quality and environment, they have to compete with other construction
materials such as plastic, steel and wood. One direction in this evolution is towards self-compacting concrete
(SCC), a modified product that, without additional compaction energy, flows and consolidates under the
influence of its own weight. The use of SCC offers a more industrialised production. Not only will it reduce the
unhealthy tasks for workers, it can also reduce the technical costs of in situ cast concrete constructions, due to
improved casting cycle, quality, durability, surface finish and reliability of concrete structures and climinating

some of the potential for human crror"?. However, SCC Is a sensitive mix, strongly dependent on the

important constructi
future. However, th
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Perimentq) Study op, Rice Hugk agh in Concrete by Partia)
Replacemcnt

=" Aryl Gn:mnpm;;nmml A7 8rao Vidya v.?, Manikandan p*
Managhg Gayathirl m."
MA25 M INutitutg of
' o of Engip '
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: Y paper describey the Cxpetimenyy| study  on thrength characteriyticy of M40 grade
Cement gy Pattially 4

;?{:;’IE:? :::r'h‘i‘::::w“- cplaced _Iry nice husk pg), H‘:'r;': Husk Asfy (RHA) I3 one of these waste
o y 0 by-prmlucl ol fice pindldy milling ndustries |y this tludy, the theenpth related
Properticy Ruch ay Comprensjye strengly, splithing lenaile Strength, flesyey) strength wepe caleulated |p which
concrele Specimeny Produceq with 0%, 0%, 12,4%, and 15%, the IIIA as the cernem replacemen
PUCC”]-'IHC.‘L .‘ipccinrcn'. were teate| 0t the TBER 0T anel 9y days, l"m;llly, concluded that 1l KHA replacement ¢
0 prade concrete showe, higher when compared 14 o1l replacement Jeyels.

level of 12,5% in M4
Kcywurds: Rice husk ash, (,‘mnprcsulvc slrcngth, Split tensile strength, Vlexural strength,
\_;

lnfrucluct!mn:

Concrete jg one of the crycis) malerials for infrastruciure development due to jig veraljle
plobally jg usage is sccong 1 water, For last few decades, (here are man
increase of cement use heeayye of the reagony that (he Production ol cement Lanses large amogune of carhon
dioxide (CO2) emission and it alsg Lonsume significan amount of natural yoel and mineraly (ha fmay lead 1o
deplete oy one point of time, Manufaciye ol one 1onne ol Portlang cement (P(;) kenerates abogy, ane ton of
CO2 to the atmosphere whicl, constitutey 5%, plobal COp emission, T build sustainab)e cnvimnmtnl, i iy

necessary to control the emisgion of CO2. Duc 1o increase in (e Cost of conventigny| building Inalerialy and

environmenta| hazard, the designers an dcvelupcu e looking for ‘nliernative Materials’ (g reduce the yse
of cement in ¢ivjf engincering constructions, For hj, objective, (he researchery are ITYing 10 use varigus waste
products in concrete technology.

application,
Y concerns raiged o, the continuoys

due to environmental pollution and an Increasing intcrext.l‘n
concrete industry offers an ideal method to integrate ang ullllzg
i ily avai i onomically within
acceptable, casily available, ang ceol g powe ym
ls’ocm”yc oF suF::h materials in cement toncrete not only reduces the carbon dioxide Ermission, huy alwy inpasty
.l'cs";_"cqm improvement in workability and durability, Considerable efforqs are being taker wm[Qwulc to .
SIlsi'r'”c’c‘locully available natural waste and by-product matetialy in making concrete, such ay Rjce I[usk
llislhlzas supplementary cementing materials 1o improve concrete properties (durabiliy, strength, efc.). The .
effect of using RHA as a partial

Scanned by CamScanner



\b

| S

[nvestigate Safe
performance at

using artificiy,

S. Bala Muruggpa.« and

M. .
: geparrmenr of Civil Engr‘neerlt:;::gm;;VSSundarb
epartment of Ciyi| Engineerfng: Sri Kt?fl’:n C
a College of

Absh?act. Qual‘ity inference of 5 Constryctj i

supenintendent is decisive ooy Project agenda mi
the de facto standard for
based security
first time. The i

techniques. The ANN is utilized to predi
(works)-hrs per 200,000 weeks hrs, the

lo evcr!ruul site Security performance
Supervisor security competency. We

number of defects pe

the optimum results demonstrate that the
values and the predicted values are closely equal to zero in

ical Campus,

pedl|

“nd Quality
PhStruction gite
“ural netyork

Cor'mbmore. Tamilnadu, India

Technolagy. Coimbatore, Tamilnadu, India

ght be an exigent task for project stakeholders. Construction
In the United States, the OSHA 30-hour training is becoming
2 concentrate on gap by recognizing the essential knowledge-
Uimportant for the front-line construction supervisor and precedence them for the
0 frame an Artificial Neural Network (ANN) with the assist of the optimization
¢t the number of rework Work-hrs per $1M in Scope. a number of rework workers
onstruet : lef r $IM in Scope and number of defects per 200,000 Work-he
nstruction safety. Different Optimization techniques are utilized to discover an optimal weight of the
attained error values between the output of the experimental

; the designed network. From the results, the minimum error of
89.97% determined by the ANN is attained by the Grey Wolf Optimization (GWO) algorithm.

Keywords: Construction safety, quality, injuries, Artificial Neural Network (ANN), Grey Wolf Optimization (GW0Q)

1. Introduction

Construction commodity fcatun-: coqld be dcf"mc:ii
as the degree to which avowed or lmplu::dl Sﬁtr:::. n:;l !
the internal distinctivenes's are guarantee o %; the
progression of construction (1. CO“;‘;!CCC sl
tractors have cm.leavorev.‘lJ [l:; E?;Z;ll;; icdcnts. gl

hwart occ
rwn;:l?as‘;;;:t;rol‘raining. site environment management,

S Bala Murugan, Department of Civil

*Corresponding author. Coimbatore, Tamilnadu,

jcal Campus,
Tneineering, RVS Technicd Coimbe
f:::igi:nncg:rfail: sbalamurug:m0269@gnmll.con

safety and health management, and opposite health
and safety strategy [2]. As for the large-scale con-
struction project, the construction site design setting
up with the deliberation of changing site amenities
and site space in diverse time intermission phrase
as dynamic (3). The significance of the construc-
tion supervisor for appropnate implementation of
safety and health programs on construction sites has
broadly specified attention revealed that, if snfct:y
programs are to be valuable, the psychological envi-
ronment of workers must be well thought-out [4].
Due to the discrepancy in the construction indus-
try and environment in different countries, there 1§

;s and the authors. Al rights reserved
© 2017 - 1OS Press an
1064-1246/17/$35.00
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UTTECT OF FLY ASI1 ON DURABILITY PROPERTIES OF
ENGINEERED CEMENTITIOUS COMPOSITES
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'Assistant Professor,
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tndio Department of Clvit Englncering, Bullders Engincering College, Kangayam,

1
meessor, De .
A partment of Civil Engincering, Dr. Mal alingam College of Engineering and
T“lmO‘OSY.Pollachi, India, . & e ¢ ’
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P . .
rofessor, Qcpnnmenl of Civil Engincering , Srl Krishna College of Technology,
Coimbatore,Indja,

ABSTRACT:

The d‘!-f“b““)’ characterislics of Engineered cementitious composites (ECC) with various
pro.pomons of fly ash are investigated with a view to develop the coreposites with high
resistance to cracks. ECC offers large potential for durable civil infrastructure, due to its

high tensile strain capacity and controlled micro- crack width. In this study, the Ny ash
contents (0.2%, 0.4%,0.6%,0.8%,1% and 1.2%) are varied in the polypropylene fiber

reinforced ECC (PFECC) mix are compared with conventional ECC mix reinforced with
polyvinyl alcohol fiber (PVA) and durability measures such as rapid chloride penetrstion
test, sorplivity, water absorption, acid attack, sulphate attack are measurced. Increasing the
fly ash content uplo 0.4% improved the durability properties of ECC. The test results
indicate that the polypropylene fiber reinforced ECC with varying fiy ash content shows
better durabilityperformance than the conventional ECC.

Keywords: Engincered cementitious composites, Polypropylene fiber, Durability, Fly
ash, Concrete, composites

1.0 Introduction .

Concrete is brittle and rigid in nature. This brittleness of concrete
increases with increase in compressive strength. High strength concrete
possesses high brittleness when compared to concrete of lower strength. For
the past few decades, duc to the development of high rise buildings,
concrete with increasingly high compressive strength is getting used for
structural applications[1]. And this leads to development of cracks when
high stress concentration occurs in concrete. In order to overcome this,

_concrete with high tensile strain capacity, known as Engineered
cementitious composites (ECC) has been developed.

ECC is a class ol the new generation high performance fiber reinforced
cementitious composites with high ductility and medium fiber content {2).
ECC exhibits a pseudo strain- hardening behaviour under tensile load by
developing micro cracks[3]. Tensile strain capacity of ECC is in the range
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A distinctive strength and durabilit
cracks and pores in the concrete. Principally,
ceme_m concrete matrix. Entry of walter,
matrix and diminish the strength and
reinforcemnent which in turn,
conventional repair methods li
limit the crack width within p
strength, durability
3606, derived from

analysis were confirmed by XRD.

ABSTRACT

Y associated phenomenon in numerous concrete structures are subtle
related cracks and pores result in increasing permeability of
atmospheric pollutants and their byproducts can deteriorate the
durability apparently. Also, it causes corrosion of the installed
enhances the maintenance cost. Previous research works have dealt with
ke epoxy injection, latex treatment and provision of further steel in design to
ermissible limit. On the other hand, bioconcrete is reliable in cnhancing the
and healing of cracks. In this research the bacterial strain, Bacillus licheniformis MTCC

soil is used for calcite precipitation and for achieving better strength and durability
properties in hardened concrete. Also, the bacteria was checked for compali

superplasticizers. It is inferred from the test results that the compressive and fl
significantly. It increased the resistance to acid attack and water absorption
analysis has shown the calcite precipitation inside the bacterial concrete. The results oblained from SEM

bility with different type of
exural strength got increased
in concrete appreciably. SEM

Key words : Bioconcrete, Bacillus Lickieniforniis MTCC 3606, Calcile precipitation, SEM, XRD.

Introduction

The material which is being used for decades in the
field of construction is concrete, is gooc?l in compres-
sive strength but is deficient in durability properties
like resistance to water absorption, chloride ntta.ck,
acid attack, and the cracks formed due to drying
shrinkage. This leads to damage of the concrete by
which, harmful ingredients penetrate through the
cracks formed leading to corrosion of mcorp‘orated
steel in the RCC structures, lhgreby afccelerahng l'thfe
premature loss in structural integrity and the life

time of structure. Even though the usage of several
cementitious materials like fly ash, GGBS and silica
fume have checked the problems of porosity by in-
creasing ils density and the problems due to CO,
emissions while manufacturing the cement up to
certain limit, the problems of micro cracks are still in
existence and the cost involved in repair works like
injecting with epoxy, treating with latex emulsion
being carried out to avoid further extension of
cracks is higher.

In order to avoid such difficulties, a reliable so-
lution was tried in collaboration with microbiology

Corresponding author’s email : poorni.engg@gmail.com
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e ol tandat ?pmung proce dures.On an invariably uniform gradation range ©
ter qualily indices were found 10 be 2.25 10 2.64 for surface water and 2.06 to 2.17 for the
spanning ver the scasons. The overall hazard rating could be categorized under medium to
fh:sc qualm:.' standards, perspective planning o improve upon the water quality in storage as
isto h.:_ Jevised. The prospects of in-=itu treatments 1o control the contamination levels are 1o
el i)}x:s;\'\'l:._ for dilution by rainwater larvesting and the usage of appropriate fi
upon physic-chiemical water quality criteria. Cventually, the ecological buffering has
system 1 keep ofT such maladizs as eutrophication and deoxegenation resulting from
pollution along the contributing system connecting the tank

—

Water quality i

r qualily Indexing helps understand the impulsc-response patterns of the water quality parametric changes in
tank site. The pre-monsoon,
cters were analyzed in
f 1105 weightage, the
ground watet,
high vulnerabilities. By
well as under dispersion
be explored through the
Itration sysiem to improvise
been suggested around the tank
point source ar.] distributed

£
ication, deaxegenation, paramerric changes.

~ey words : Water Quality Ircex, eutroph ecological buffering

the recent past decades t

uch as the 1anks, ponds, lakes
bore wells and rural are
Consequently,

Surface waler reserves S

and groundwater aqu.ifers drilled with
dug wells store the ainwater for the di-versified usage

in the proximity viZ, irrigation, drinking and industrial
water supplies ia an inge-nious WaY¥ of rotational

distribution through open channels and pipeline ements

networks (Broven éf 51, 1970). The urban and subur}mn than 'n'nganon. .

pockets of Coimbatore City has been provided with eight parat'i:gm shit of transforming

pwD controlled system {anks originally intended rc_nr rcquu:emcms o

catering 10 ihe agriculluml and allied irrigation needs in sup?hcs 'has
conjunctive us

-rounds Anthavigar f al., 2010). Howeven :
sar-FounS (ysaSs {5 also responsible for spatial and

way for industrial estates, commer-cial comp
dwelling enclaves thereby esca-lating the water
requirements for industrial and do-mestic sectors rather
(Crossland et al, 1995). Hence the
ag-ricultural
[ the water towards domes-lic water
become inevitable. Moslly we resort to 3

e of surface and groundwa-ler storage that

~*utroduction his city has witnessed dras-tic
4 changes by way of extensive urbanization and intensive
industrialization coupled with intrusive migrations from
as for livelihood (Chang et al, 2010).

the area under agriculture shrunk paving
lexes and

their
“over
. .
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su’:tf:—r.f::n \a\a:?!r reser\ej suct.\ as the tanks and
-~ thvmecm;:\z ::\?e»ded \_\ﬂh C‘illg wells and bore
R ter for the diversified usage in their
vicinity viz., irmigation, domestic and industrial water supplies
in an ingenious way of roaster based rotaticnal distribution
through cpen channels and pipeline networks (Debels et al
2005, Giridharan et al2010). By and large, the system tanks
constructed at various zones of Coimbatore were primarily
envisaged to cater to the iigation needs of agricultural crops
in their downstream command areas. However, over the past
twenty years this scenario has undergone dramatic changes
parly due to extensive urbanization and intensive
industriglisation as well. Eventually the agricultural land area
has diminished drastically and got converted into real e§mle
pockets. In respense to this impulse the agricuttural needs
the domestic and industrial water
requirements got expenentially shotup. Hence the paradigm
shift of ransforming agricultural requirements of the water
1owards domestic water supplies has become inevitable.
Mostly we resort 1o @ conjunctive use of surfac.e and
groundwater storage that is also responsible for spat‘nal and
temporal walef quality changes in accordance with the
contaminant solute transper (Kannel el al 2007, WHO
2008 Sener et 2l 2017) However, 3 qualitative scrutiny of the

torage and that reaching the groundwater aquifers

waterins . .
is indispensible. Hence it could be impeccable if the existing

water distnbyton schedule can be modified to suit the
dominating domestic water needs compared to tha barest
minimum agricultural  water requirements. By way of

a'so got decreased but

Incorporating sultable mechanical fitration systems and
disinfection schedules assured domestic water supplles at
desirable quality level can be accomplished.

Besides, the sustainability of extracting and using beth
surface and groundwater from the system tank storage and
dispersion zone needs extensive investigation. Systemtanks
or non-system tanks do contribute to the aquifer recharge
covering a certain radius of influence both on the
downstream side and upstream side of storage indicated the
well water level fluctuations (Subramani et al 2005) . The
present Investigation was contemplated to include nodal
polnt water samplings relaled to the surface storage of waler
in the tank and well water in the vicinity. Based on lhese
quality Indices focused for domestic water supplies, the
appropriate fittration and disinfection units can be designed
andinstalled (Horton 1965).

MATERIAL AND METHODS
Study Area: The Noyyal river stretch proliferating and
meandering through Coimbatore region encompasses 21
Anaikuts and 31 Tanks, of which 8 system tanks are located
within Coimbatore city urban viz. Narasampathi tank,
Krisnampathi tank, Selvampathi tank, Kumarasamy tank,
Selvasindhamani tank, UkkadamPerlyakulam tank,
Valankulam tank and Singanaliur tank, The study was
however limited only to UkkadamPeriyakulam tank that Is
knitted to the downstream reach of the Noyyal River feeding
where the concentrated dumping of pollutants and
contaminants along the stream flows gushing into the tank
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Abstract
In constructon exerton, an organsation's capacity to convey a quality item in a protected way 1s the way 1o
business achievement In crder to better comprehend what adds lo productive quality and sa‘ety programs in
construction. The vast macrity of the researchers have focused on examining optmisation mcdels to create
optimal construction site format ctfered inspred aigorthms. This paper analysed lhe safety measuresin a
construction site for high-guaity Here, two distinctive soft computing methodologles are artificial neural
network (ANN) and optmisation model. This expectation invest:gation considers two distinct parameters ke
reworkers and de‘ec!s in a conslruction site. For improving the perfermance enhance hidden layer and
neurons in ANN structure Liiising knill rerd optnusation strategy so the proposed modet as knil heard neural
network (KHNN). From this examinazen, get least mean square error (MSE) and maximum accuracy as 88,
05 26% compared with our existing technigues.
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BLENDED SELF COMPACTI
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AKRAVARTHY', G. SINDHU?
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pased by researchers and FIB mode/ code 2010.

/ This study extends the ongoing investigatian on bond performance of m?g
concrete, when Class F fly ash is blended with Class C fly ash. 5% OPC and 'd' jons an
source material Low calcium Fly ash, to facllitate the external exposure curing conl mﬂ oyl
cencrete production. Synthesising solutions for source material used are comb nawt;!f;' 2 ey
silicates. Normal self compacting concrete, Self compacting geopolymer concrele  ental investigation, Pl out
geopolymer concrefe with OPC and Class C fiy ash are the types of concrete sgiected for e:gioenm B on of boid strets o 64
tests are carried out by varying diameter and bond length of embeddefl slteel in concrete. ﬂ'?l-"1 of Class C fly ash In self
pull out specimens was delermined using IS: 2770 (Part 1) and studies revealed that incril‘:;:onm ocirghules fut flailoes
@mﬂ:ﬂ ting geopolymer Improves the bond strength tremendously. Results were compa to the

\

ded steel In self consolidating geopolfrn:r
Class C fly ash are replaced to the basic
d thereby aiming for castin situ
odium hydroxide and sodium
OPC and Sel compacting

)

Keywords: Self compacting geopolymer concrete; Ordinary Portland Cement; Class C fly ash; Bond Length; Bond Strength; Extemal

exposure curing.

1. Introduction

Geopolymer technologies are widely used in
countries like Australia and New Zealand for precast
construction, which has proved to be advantageous
in terms of sustainability, economy and durability,
Inclusion of heal curing methods for enhancing the
mechaniczl properties are major drawback in case of
geopolymer concrele and hence developing
countries like India, China etc. are not at all
interested in acknowledging the current rends. Need
fer ambient curing thereby emerged in zero cement
concepts and different methods were Uied to bring
dovwn the curing temperature. It was identified that if
Calcium oxide content is increased in fly ash
precursors, setting time can be decreased without
affecting the strength [1). This can be achieved by
inroducing supplementary cementitous materials
that are rich in calcium oxide content, to the basic
source material of gecpolymer. Supplimentary
cementious matenals like silica fume and
metakaolin was added lo fly ash which helped in
bringing down curing temperature and enhancing
mechanical properties [2, 3). P. Nath and P. K.
Sarkerinvestigated cn ambient cured geopolymer by
intreducing Ground blast furnace slagto Class F ash
in cifferent proportions 1o the mix and enhance the

* Aor corespondentCoesponding atithor,
E-mak 15cphdmatvma@ekd eduin

early age properties of concrete. Results were
compared for the varying proportions of slag and
alkaline activator in the mix. Inclusion of slag
reduced the setting time and improved the early-age
compressive strength significantly [4]. Ambient
cured geopolymer was also made out of Ground
Blast Fumace Slag and Bottom Ash as source
material, which decreased the setting tme and
improved compression strength appreciably [5).
Geopolymer in Self compacling concrete
(SCGC) marked as a milestone in the field of special
concreles which helped in fast production of
concrele  with environment sustainability,
Preliminary investigation of SCGC were done using
heal curing methods and proved to exhibit
outstanding mechanical and microstructural
properties (6, 7). Addition of 10 % Silica fume into
low calt_:lum fly ash was seento improve mechanical
Properties in elevaled curing conditions of 60
degrees [8). 100% replacement of GGBS to fly ash
was also investigated in heat cunng regime of 70
degree§ and resulls proved that mechanical
propemes'tend 1o be reduce in high molarity
concentralion of sodium hydroxides [9). Eventhough
Supplementary cementitious materiats are replaced
lo class F fly ash in SCGC, the need for addition in
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Concrete Experimental Study on Elastic Constants of Hybrid
Geopolymer

4
3,
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1S were used os the source material in concrete to fully
Additiomally Stecl, Polypropylene, and coir arc
are called as hybrid geopolymer concrele at low
¢ was carricd out using the usual concrete
al to activate by a combination of

Abstract: In this project low calcium fly osh with GG
replice of cement is known as Geopolymer concrele.
incorporated to improve its strength aspeets n the concrete
wolame fraction of 0.5, The manufacturing of geopolymer concret
technalogy methods, The silicon and the aluminium are the source materi
sodium hydroxide and sodium silicate solutions to form the geopolymer paste that binds the aggregate sand
other un-reacted materials, This paper aims to study about the elastic constants of hybrid geopolymer concrete
for the difTerent molaritics of NaOH. The molarities of NaOH solution used in this work were 8M, 10M & 12M.
Keywords: Fly ash, GGBS, Geopolymer Concrete, Steel, Polypropylene, coir s, hybrid gcopolymer concretc,
elastic constants, molaritics of NaQH

Introduction

Concrete is conventionally formed by using the ordinary Portland cement as the primary ring binder.
Cement developed causes envirommental impacts at all stages of the process. The manufacturing of Portland
cement releases carbon dioxide (CO,) that is a significant provider of the greenhouse gas emissions to the
atmasphere. The amount of CO; emitted by the cement industry is nearly 900 kg of CO, for cvery 1000 kg of
cement producedTo reduce the environmental impact of the concrete industry, Mehta (2002) suggests two
approaches, a short term and a long term approach. The short term approach would be to practise “industrial
ecology™ which invalves the use of industrial by-products as cement surrogate materials. According to the report
of Central Electricity Authority of Tndia (CEA), the total fly ash generation from April 2014 to March 2015 is
184.14 Million Tonnes. The use of Ground Granulated Blast-furnace Slag (GGBS) will increase the strength as
well as enhance the mechanical propenties of the conerete.

In 1978, Davidovits (1999) projected that binders might be produced by a polymeric reaction of
alkaline liquids with the silicon and the aluminium in source materials of geological origin or by-product
materials such as fly ash and rice husk ash. He termed these binders as geopolymer.

Concrete is the largest part broadly used construction substance in the world due to its high
compressive strength, long service life, and Jow cost. However, concrete has inbuilt disadvantages of low tensile
strength and crack resistance, To perk up such weaknesses of the material, numerous studies on réinforced have
been performed by Sung Bae Kim et al 2012, :

The variation of two or more fibres in the concrete is called as Hybrid Fibre Reinforced Concrete. The
function of short-cut fibres as secondary reinforcement in concrete is primarily to reduce crack instigation and
transmission (Hsie et al., 2008).

The large and the strong fibres control large cracks. The small and soft fibres control crack initiation
and propagation of small cracks (Sivakumar and Santhanam, 2007).

In this experimental work the cement is replaced by low calcium fly ash and Ground Granulated
Blast-furmace Slag (GGBS). Low calcium lly ash and GGBS is activated by alkaline activator solution for
binding. The bond between the materials in concrete is achieved by the process of polymerization.
Additionally s have been added in 0.5% of volume fraction by keeping the steel as permanent and adding other
s as partial. The manufacture of hybrid geopolymer concrete (H,GPC) is carricd out using the usual concrete

technology methods.

Materials Used:
Fly Ash: Fly ash used in this experimental work was collected from Tuticorin Thermal Power Stution locuted
in Tamil Nadu, India, The burning of harder, older anthracile and bituminous coal typically produces Class F
fly ash. This fly ash is pozzolanic in nature, and contains less than 7%lime (CaO) is used.

GGBS: Ground Granulated Blast-Furnace Slag is a waste material generated in iron or slugs Industries have
significant impact on Strength and Durability of Geopolymer Concrete. It also continues to gain strength over
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Abstract: opi
high lCl‘l'II;cr!lTu:"c“; ;Eggﬁgi]:::_‘cmd'cmpcrall_lrt:_ Muctuations are large ranging from below freczing in winter to
daily ambien temperature g ‘"} also variation ol temperature in day and night time prescnts the impact of
development Concrete |5 hw” the Dﬂvmuenllsurface heat exchange and subsequent slab temperature stress
lack of strength Hypothgt' "iyL[?ﬂchen!s fail beeause f)l'lcmpcratlﬂc stresses and poor durability rather than
stress and its imbacl A ica dyered pavement !cch‘nlqulc had been propo§ed Lo negotiate the tcmpcralyrc
software package SAPZOO((; ‘rVarp|qg stresses is studicd in this research. Analytical model were created by using
) 4 Or ncgative temperature gradient. Nine types of laycred profiles have been modeled
and the result are discussed.

l{ey\vo‘rds: Tempcmturc stresses, Hypothetical layered pavement technique, High Volume fly ash Concrete,
Fiber reinforced High Volume Fly Ash Concrete

: L. Introduction
_ The economic development of the country and the consequent surge in the demand for the transport
services and also strategic need of the country nccessitated expansion as well as improvement to the road
network. India has the second largest network of road. The total length of the road in the country exceeds 3.34
million kilometers

As per present estimate road network carries nearly 65% of freight and 85% of passenger traffic.

Traffic on the road is growing at a rate of 10% per annum while the vehicle population is of the order of 12%
per annum. The road network developed should centre the needs of increasing traffic and axle loads. This can be
achieved by selccting superior material of concrete pavement which can provide strength; enhanced service life
and durability, superior material like high Performance concrele selected for the construction of pavement can
enhance the service life of the pavement and also reduce maintenance cost. Concrete is a composite material
composed of coarse aggregate bonded together with fluid cement that hardens over time. But the production of
cement generatcs large amount of carbon dioxide that contribute 1o green house efect. Considerable amount of
Carbon dioxide could be reduced if the production of cement could be reduced. Concrete is the most versatile
and widely used construction material. Normally, conventional concrete is manufactured with Portland cement,
which acts as a binder. The production of cement releases considerable amount of CO; into the atmosphere and
it consumes significant amount of natural resources. In order to reduce this impact, there is a need to develop
sustainable alternatives to Portland cement utilizing the industrial by products such as fly ash, ground granulated

blast funace slag, etc. which are pozzolanic in nature.

1L Significance of the Project
(1] To create a Hypothetical analytical model of a layered pavement slab of different coefficient of thermal
expansions comprising high volume fly ash concrete(HVFAC) and fibre reinforced high volume fly ash

concrele(FRHVFAC)
[2] To investigate the effect of layers on temperature stresses of pavement slab model,

[3] To determine the most effective layer profile in the negotiation of Negative temperature gradient’s stresses.

HI. Analysis Method
3.1 Finite Element Method

Finite Element Method is defined as a numerical fechniquc for.ﬁnding approxi.mz.lc solutior‘xs to partial
differential equations (PDE) and their systems, as well as integral equations. In slmp_lc terms, FEM is a method
for dividing up a very complicated problem into srfmll clcme_nts that can be solve_d m_rclat ion to each other. P:
rigid pavement is modeled as a slab. Lincarly varying Negative temperature gradient is applicd as temperature
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Experimental Study on Light Weight Concrete by Ceramic

Waste
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J Praveen Jesura J.Vl, Dr.Sreevidya.V
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Abstract: This' paper investigate the prospect of utili stes (CW) such as coarse and
fine aggregate in lightweight aggregate concrele (LAC) that is consequenct of coarsc aggregate matcria
(CAM) substitute with CW and consequence of biscuit substitute fine aggregate material (FAM) on propcnies
of LAC-‘ The composition of ordinary Portland cement (PC): FAM: CAM are 1: 2.21 3,03 and substituted
CAM with CW and FAM with biscuit at the levels of 0, 25, 50, 75 and 100 wt.%. All conditions of LAC was
SUb_]CCth.lD tested water absorption, thermal conductivity and unit weight at the age of 28 day. The
compressive strength at 7, 14, 28 and 56 days was also conducted. The results show that when proportion 0
CW is !ncrqscd then density and compressive strength decreased bul the water adsorption and thermal
conductivity increased. Afler 28 days, the sample with 100% CW compressive strength and bulk density has
reduced from 55.4 to 11.4 MPa and 2394 to 1362 kg/m3. On the other hand 50 wt. 9, gave the compressive

strength and density of 38.1 MPa and 1803 kg/m3 respectively. 50% mix was collected for study with biscuit
¢ strength improved when levels of biscuit increased

replaced FAM on mechanical properties. The compressiv

for 50 wt. % were as decreased with excess 50 wt. %. The bulk density and thermal conductivity dropped

from 1803 to 1584 kg/m3 and 0.689 to 0.592 W/m°K. The optimum configuration that meet the ASTM C330:
% of CW and 100 w1. % of

standard range for structural lightweight aggregate concrete has t contain 50 wt.

zation of the ceramic wa

gregate material (CAM)

biscuit.
crete (LAC), ceramic wastes (CW). Coarse ag

Keywords: lightweight aggregatc con

I. Introduction
it of concrete that contains of AN increasing agent that

Lightweight concrete (LWC) outlincd as a s
will increase the degree of the mixture that is lighter than {he slandard concreté.. USA, uk, Sweden, etc has
and thermal conduction. Reduction of load, quicker

been wide exploitation LWC. The LWC has denseness
building rates in construction and lower transport and handling prices square measure blessings of LWC.

Light-weight mixture concrele may be shaped employing a vary of light-weight aggregates from natural
materials, thermal treatment of natural raw materials, by-products from industrial. Volcanic rock, clay, slate,
shale, fly ash, feather palm shell ash, biscuit ceramics, bottom ash etc. were used be light-weight mixture in
concrete [1]-[6]. the specified engineering properties of LWC can have a sway on the most efTective style of
light-weight mixture to use. it's a touch structural, however high thermal insulation properties, square measure
required 2 light-weight, weak mixture may be used. The LAC have AN air dry density not exceptional 2000
kg/m3, however may be as low as four hundred kg/m3 reckoning on the materials used and therefore the
compressive strength will vary between one and sixty five MPa (7]. The LAC was usually being designed in

accordance with ACI 213R-04 [8].
The environmental problen
medium and huge industrials turn ou
they're the one in all industrics that gencrates s
mould etc. The biscuit is defected final product a

1s square measure important and anxious in industrial scctor. The small,
t pollution akin to water, air, solid, risky and noise. In ceramic industries,
lid wastes from method akin to biscuit, deteriorated operating
kin to ceramic ware, or unglazed ceramic ware, typically

known as terracotta, or, most typically, A negotiator stage in a very glazed final product. The operating

moulds square measurc drop before expiration or deterioration. From the ministry of business (Thailand)
found that the number of deteriorated operating mould is quite 38,000 tons/year [9]. Generally, the
management of operating mould waste will utilized in varied manufacturc busincss akin to cement busi,ncss
(he mineral is additional into a clinker concerning 3-5 wt.% of cemenl weight and created the ceiling that it's
utilized in little quantities. Additionally, the ceramic production has broken ceramic wastes concerning five-
hitter of ceramic product. Each most operating mould and biscuit squarc measure drop or land crammed that

square measure inappropriate strategies.
It increasing the chance of chemical element compound gas and Causes the worldwide warming.
From the property of CW and biscuit that have 2 lower density than traditional coarse and fine mixture. it's

presumably replacement of CAM and FAM This analysis study the optimum quantitative relation of light-
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PERFORMANCE EVALUATION ON SELECTION OF
FORMWORK SYSTEMS IN HIGH RISE BUILDINGS
USING REGRESSION ANALYSIS AND THEIR IMPACTS
ON PROJECT SUCCESS

VISWANATHAN RAJESHKUMAR', V.SREEVIDYA?

The sclection of the formwork system for high risc building affects the entire construction project duration and cost.
The study reports the factors influencing the selection of different formwork system in the construction of high rise
buildings through structural questionnaire survey from the client, contractor, consultant, and interviews with expert
members. Total of 40 technical factors was identificd from the literature and 220 filled questionnaires were reccived
from the respondent. Relative Importance Index method is used to find the topmost factors affecting the selection of
formwork system. Additionally, from factor analysis 22 factors were identified to have a corrclation with onc another.
Regression analysis reveals that duration of the project, maintenance cost, adaptability, and safety have impact on

formwork selection across time, cost and quality. These findings could potentially increase the construction company’s

existing knowledge in relation to formwork selection.

Keywords: Formwork system; Factor analysis; Correlation; Regression analysis.

1. INTRODUCTION

Construction is one of the important sectors in the world. Construction involves huge investment

and plays an important role in growth of several other sectors in economy. Globally construction of

high rise buildings is increasing in order to save time and space. In construction industry formwork
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PERFORMANCE EVALUATION OF FAULT
NODES USING QUEUE THRESHOLD BASED
ON N-POLICY PRIORITY QUEUEING MODEL

P. Jayarajan', R. Maheswar®", G.R. Kanagachidambaresan®, V. Sivasankaran®, M. Balaji® and Jagannath Das®
!24Department of ECE, Sri Krishna College of Technology, Coimbatore, India
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Abstract—A major issue in Wireless Sensor Networks (WSNs) is
the minimum availability of energy and hence reducing the amount
of energy consumed is of greater interest. In WSN, large amount of
energy is consumed during transmission and failure of nodes in
sensor network is common. Here, a novel technique is proposed to
reduce the node’s energy consumption during data transmission
using queue threshold based on N-Policy Priority Queueing Model
(PQM) by taking failure of nodes into consideration. A sensor
network model is developed analytically to evaluate the
performance of the proposed scheme by means of energy
consumption and delay by taking node failures into consideration.
From the results, it is inferred the average energy consumption
savings is about 43% for the optimal threshold value by taking
node failures into consideration. Simulations are carried out and
the results obtained show that the analytical and simulation results
matches thus validating the accuracy of the analytical model.

Keywords—energy, node failure, N-Policy POM, queue threshold
1. INTRODUCTION

WSN plays a prominent role in many applications like
military and non- military domains [1]. Numerous researches
have been carried out in many domains like collaborative data
gathering, MAC and routing. Since energy minimization is a key
design in most of the research related to WSNs, wide range of
algorithms and protocols have been developed. Among many
techniques, clustering is also an important technique by which
the network lifetime is increased. Many authors have proposed
wide range of works related to the formation of cluster and
election of Cluster Head (CH) in a cluster. By considering the
CHs, the authors in [2] have proposed energy efficient routing to
improve the network lifetime.

Sensor networks are classified into homogeneous sensor
networks and Heterogeneous Sensor Networks (HSNs). In
homogeneous networks, all the nodes will be of same type with
reference to hardware and energy [3]. The main problem of
using same type of sensor is that the role rotation as CH and the
required hardware capabilities and also making the node to act
as CHs [4-5]. The other classification, HSNs comprises of two
different types of sensor nodes. In most of the research papers, it
is inferred that HSNs can improve the network lifetime
significantly and also provides better network performance in
terms of energy [6].

@ HIGH END SENSOR @ LOW END SENSOR A‘ASE STATION

Figure 1 Cluster formations in HSN

In HSN, few high-end sensors (H-sensors) and a more
number of low-end sensors (L-sensors) are been distributed
uniformly in the field. Clusters are been formed after the
deployment process and the H-sensor in each cluster serves as
CH as shown in Figure 1. An important energy reduction
technique based on queue threshold is an existing model that is
widely used technique for delay insensitive WSN applications to
increase the network lifetime of HSN [7-14]. Nodes in WSNs
are highly prone to be failure due to various reasons like failure
due to environmental factors, depletion of energy, failure of
hardware, communication link failures, malicious attack, and so
on. An HSN model as given in Figure 1 is considered and since
node failures are common in a WSN, node failures are
considered to study the impact of mean delay with respect to the
failures of nodes [7-15]. Here, single L-sensor node’s
performance is analyzed based on M/D/1 PQM by considering
failure of nodes.

In this paper, a HSN is considered where clustering is
performed as shown in figure 1. In each cluster, H-sensor act as
CH and L-sensors act as Cluster Member (CM). Here, an
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analytical model of a cluster oriented HSN is developed using
queue threshold based on M/D/1 PQM by considering failure of
nodes. The performance of the proposed technique by means of
energy consumption and delay is analysed by taking node
failures into consideration. The organization of the paper is
structured as follows. Section II describes the system model.
Section III provides the performance analysis and numerical
equations and solutions for determining the delay, energy and
the optimum queue threshold value (N*) based on M/D/1 PQM
by considering node failure. Section IV provides the simulation
model and section V describes the results and discussion.
Conclusion is presented in section VI.

II. SYSTEM MODEL

In HSN, a single cluster represented in figure 2 is
considered. In this cluster, depending upon the criticality of the
packet, packet is classified into High Priority (HP) or Low
Priority (LP) packet. No threshold condition (N=1) is considered
for HP packets, since the HP packets need to be serviced
immediately but the NPM is considered for LP packets since it
can manage some delay. The sensor node will transit from IDLE
state to BUSY state immediately if it receives a HP packet and it
will wait for N packets to move from IDLE state to BUSY and
actual data transfer takes place during the BUSY state. If any
fault occurs during BUSY state, then the transmission is stopped
and the fault at the node is detected [12 & 16]. Once after the
faulty node recovers, the packet transmission is continued in the
BUSY state. The following assumptions are made for analysis:

e All L-sensor and H-sensor nodes in a HSN are identical
e The arrival rate follows Poisson process with mean

arrival rate per node (1)

e J; and Asare the arrival rate of LP and HP packets where 1
=1 i /12

o Delivery of Packets is with mean service time (1/u)

o Failure rate is assumed to follow Poisson process with
mean 1/a and mean repair time 1/p

o Whenever the sensor node switches from sleep to active
state, the buffer is assumed to be empty

©

© O ©
o ©

Figure 2 A cluster in HSN

III. PERFORMANCE ANALYSIS

The behavior of a single L-sensor in a cluster is
analyzed in this section by taking considering failure of nodes
using M/D/1 PQM and the performance of the system is
analyzed in terms of the following parameters.

A. Mean delay

Mean delay in an L-sensor node is defined as the mean
waiting time of the packets in the queue. Considering an M/D/1
PQM, the average number of LP and HP in the queue (L; and
L,) is given by

N-1 A ;
L=p, + + 20‘ 1P " Pri ()
2 2B°(=py) 2(0=p4)
2
L=p,,+ zadzpz 4 P Q)
Zﬂ (1_pbr2) 2(1_pbr2)
Where
[04
P = Py 1+E
a
P2 = P2 1+E
A A
P =1, P2 = —=
H H

The mean waiting time of the LP & HP packets in the queue
(Wq1 & W) is given by,

L 1

W, = Zl 7 3)
L 1

Wp=—%—— 0
A wu

B. Average energy consumption of an L-sensor node

The average energy consumption of LP and HP in L-

sensor node E;(N) & E»(N) can be expressed as

E,(N) = CulL, )+ Cr(Ncy, ) (5)
E,(N) = CulL,)+ Cr(Ney, ) (6)
Where

_ A d=p,,)
o5

Ney, =4,(1=py,,)
The average energy consumption is given by

E(N) = E;(N) + Ex(N) (7
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C. Optimal threshold value (N*) of N

The value of N for which the sensor node consumes
lowest amount of energy is the optimal threshold value (N) is
and it is given by

8C; A (L= py,,) i1—

H

N*=0.5 1 ®)

IV. SIMULATION MODEL

In this section, the simulation model is presented.
Simulations are performed by considering Mica2 for a cluster

based HSN as mentioned in tables 1 and 2.
TABLE 1 CLUSTER SPECIFICATIONS

Mean arrival rate per node (packets/sec) 2 to 20
Probability of HP packets (p) 0.1t00.5
Mean service time per packet (msec) 15
Number of L-sensor per cluster 10
Number of H-sensor in HSN 10
Number of clusters in a HSN 10
Threshold value 1t020
Failure rate (o) 0.01
Mean repair time (f3) (seconds) 0.01
Battery (V) 3
Data rate (Kbaud) 38.4
Preamble length (bytes) 271
Packet length (bytes) 36
Radio off (nA) 20

TABLE 2 TIME AND CURRENT SPECIFICATION

Operation Time (sec) I (mA)
Initialize radio 350E-6 6
Turn on radio 1.5E-3 1
Switch to Tx mode 250E-6 15
Tx 1 byte 416E-6 20

The Ct and Cy values are determined as 6.9 mJ and 0.8
mJ respectively [17] and it is assumed failure rate o = 0.01 and
mean repair time and B = 0.01 sec [18]. Various results are
obtained by changing the threshold value and mean arrival rate
per node with p=0.2 in order to determine the mean delay,
average number of cycles/second and average energy
consumption of an L-sensor node in a cluster by considering
without and with failure in PQM. It is inferred from the
simulation results show that the average number of cycles is less
and the average energy consumption is high in with node failure
when compared to without node failure but the mean delay is
high in with node failure when compared to without node
failure. Also, minimal amount of energy is consumed by the

node for optimal threshold value N". It is observed that the (%)
saving in energy consumption is reduced in with node failure in
PQM when compared to NPM for the optimal threshold value
(N¥).

V. RESULTS AND DISCUSSION

Simulation and analytical results are shown in this
section. The results are obtained by changing the threshold value
and mean arrival rate per node to determine the mean delay,
average number of cycles and energy consumption of an L-
sensor node with and without node failure in PQM. The mean
arrival rate per node is taken as 5 packets/sec and the mean delay,
the average number of cycles/second and average energy
consumption for with and without node failure in PQM is
determined.

TABLE 3 ARRIVAL RATE VS MEAN DELAY

Mean delay (msec)
Arrival rate (1)

Without node failure With node failure
5 0.114 797

10 0.229 1629

From the table 3, simulation results show that the mean
delay is very high in when node failure is considered when
compared to without failure case in PQM for mean arrival rate
per node as 5 and 10 packets/sec, p=0.2, a=0.01 and = 0.01 sec.
The reason is that the packets have to wait for more period of
time until the node recovers from failure.

—4—Simulation, Lambda=5, No Failure
~f—Analysis, Lambda=5, No Failure

Simulation, Lambda=5, Failure

= Analysis, Lambda=5, Failure

Average number of cycles

2 4 6 8 10 12 14 16 18 20

Queue threshold (N)

Figure 3 Queue threshold (N) vs Average number of cycles

From figure 3, it is observed that the average number of
cycles reduces as the value of N increases. Here, the switching
from IDLE state to BUSY state and vice versa in an L-sensor
node is less when the queue threshold (N) is high because the
time consumed for the buffer to be filled with threshold number
of packets for high value of N is more when compared to that
for a low value of N. Hence the average number of cycles is
reduced when N increases. Also from Figure 3, the average
number of cycles is less in node failure case when compared to
without node failure case because more packets will be
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accommodated during each cycle when the node is in IDLE
state.

~—4— Simulation, Lambda=5, No Failure
35 - ~—fli— Analysis, Lambda=5, No Failure
~—Simulation, Lambda=5, Failure

301 N —— Analysis, Lambda=5, Failure

(mJ)

25 |

20 |

10 A

2 4 6 8 4 16 18 20

10 12 1
Queue threshold (N)

Figure 4 Queue threshold (N) vs Average energy consumption
(mJ) showing minimum energy consumption at optimal threshold

The average energy consumption is determined for
various values of N by assuming the mean arrival rate per node
as 5 by considering node failure rate a=0.01 and mean repair
time B = 0.01 sec and it is shown in figure 4. From Figure 4, it is
inferred that, the energy consumption per node decreases and
increases and minimum energy is utilized for the optimal
threshold as N increases. The average energy consumption per
node decreases when N increases because, as N increases, the
number of cycles per second decreases resulting in less energy
consumption. The average energy consumption per node
increases as N increases because, as N increases, the number of
cycles per second decreases but increases the average number of
packets in the buffer resulting in more energy consumption.

It is also inferred from the figure 4 that the average energy
consumption is more in node failure case when compared to
without node failure case because of the more number of packets
accumulated in the queue which increases the transmission
energy cost. From Figure 4, by taking node failure into account,
the average energy consumption per node in L sensor is
minimum at optimal threshold N* = 8. By considering A = 3,
0=0.01 and mean repair time B = 0.01 sec, Cr and Cy values as
mentioned in section 4, the optimal threshold value (N*) using
equation (8) is determined as N =8.

Lambda=5

62 -
2 61
3 60 -
2 59 -
g 58 -
g 57 1
§ 56 -
& 25554
: J
Y 53 ; ; r
&

N=4 N*=8 N=10 N=12
Queue threshold (N)

Figure 5 Queue threshold (N) vs Energy consumption savings (%) — without
node failure
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Figure 6 Queue threshold (N) vs Energy consumption savings (%) — with
node failure

Figure 5 and 6 shows the energy consumption savings
(%) for various values of N by considering without and with
node failure. By assuming N =4, N* = §, and N = 12, and mean
arrival rate per node = 5 packets/sec, the energy consumption
savings (%) is determined and it is found to be 40%, 43%, and
42% respectively when compared to no threshold condition (i.e.,
N =1). It is also inferred from Figure 5 and 6 that the (%) saving
in energy consumption is less in node failure case when
compared to without node failure case.

V. CONCLUSION

This paper proposes energy minimization scheme which
reduces the average energy consumption of individual nodes in
the cluster based HSN based on M/D/1 PQM in order to
improve the network lifetime of the HSN by considering node
failure. The expression for the optimal value of queue threshold
for which the node consumes minimum energy using PQM
under node failure case is also derived. Results obtained show
that the mean delay increases due to node failure and the
average energy consumption increases due to accumulation of
more packets during node failure and recovery period. Also, the
maximum (%) consumption savings is obtained at optimal
threshold and the trade-off that exist between the mean delay
and average energy consumption is explored. Simulations are
performed and the results obtained show that the simulation
results and the analytical results matches thus validating the
accuracy of the approach.
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Abstract Two ternary photonic crystals are proposed for sensing applications. The first
one is composed of an air layer as an analyte sandwiched between two double negative
material (DNM) layers whereas the second one consists of an air layer sandwiched between
two epsilon negative material (ENM) layers. The transmission spectrum is studied for two
different values of the refractive index of the analyte layer with An = 0.01. A specific peak
in the transmission spectrum is observed and the wavelength at which the peak occurs is
determined. The wavelength shift due to any change in the index of the analyte layer is also
determined. The effect of varying the parameters of the DNM and ENM on the sensitivity
of the sensor is discussed. It is found that the sensitivity of the structure ENM/air/ENM is
much greater than that of the structure DNM/air/DNM and it is estimated as 26 times of
the sensitivity of the latter structure.

Keywords Photonic crystal - Epsilon negative materials - Double negative materials -
Sensor

1 Introduction

Photonic crystals have received an increasing interest due to the exceptional properties

they exhibit when electromagnetic waves are propagating through them (Sandhu et al.
2006; Kriegel and Scotognella 2015; Zare and Gharaati 2014). The unique property of the
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photonic crystal is the appearance of a band gap in a specific frequency range in which the
propagation of waves is not allowed (Wu et al. 2010; Awasthi et al. 2006). The width of the
band gap is determined by the lattice constant and the wavelength of the propagating elec-
tromagnetic wave and its origin can be attributed to Bragg scattering in periodic multilayer
structures. Bragg band gaps rely on the wave angle of incidence and the light polarization.
Photonic band gap structures have been proposed for a set of applications such as opti-
cal sensors (Banerjee 2009a; Taya et al. 2017a), omnidirectional reflectors (Awasthi et al.
2006), filters (Awasthi and Ojha 2008) and temperature sensors (Banerjee 2009b). They
can also be used in the study of optical properties of nanocomposites (Ramanujam and
Joseph Wilson 2016).

Optical sensors are self-contained integrated devices from which we can obtain diag-
nostic facts about the existence of biological objects or the presence of any pollution in an
analyte (Taya 2014, 2015a, b, c; Taya and Alamassi 2015; Tiefenthaler and Lukosz 1989;
Taya et al. 2016, 2017b). They can be used in environmental monitoring, the pharmaceuti-
cal industry, and food technology (Taya and El-Agez 2011a, b; Taya et al. 2012a; Horvath
et al. 2003; El-Agez and Taya 2011; Kullab and Taya 2014; Taya and Kullab 2014). They
can be utilized to detect biological molecules in the size range from nanometers to microm-
eters. In Tiefenthaler and Lukosz (1989) proposed for the first time, a slab waveguide as an
optical sensor. They employed it as a gas senor. They detected a small change in index of
refraction of the gas is measuring the change in the effective index of refraction. The great
concern in slab waveguide sensors can be observed in the tremendous number of papers
and review articles published in many journals (Singh and Kumar 2009; Kullab et al. 2012,
2015; Kuswandi 2003; Taya and El-Agez 2012a, b; Udd 1995; Kullab and Taya 2013).
Cylindrical fibers were also proposed as biosensors such as enzyme optical fiber based
biosensors (Kuswandi 2003). Recently, surface plasmon resonance based waveguides have
become very popular for measuring bimolecular interactions (Homola et al. 1999). Metal
clad waveguide was also proposed as an optical sensor to detect biological objects in the
size of micrometer (Kullab and Taya 2014; Taya and Kullab 2014). Significant efforts have
been done to develop optical waveguide sensors for biological and bio-chemical purposes.
Making use of thin high contrast refractive index media, it was demonstrated that sim-
ple silicon-on-insulation photonic wire based technique offer improved sensitivity to sur-
face adsorption when compared to evanescent wave sensors (Densmore et al. 2006). The
improved sensitivity can be attributed to the high and localized electric field in the analyte
layer. The penetration depth of such waveguides can reach more than 200 nm.

In Veselago (1968) was the first who proposed a material with simultaneously negative
€ and p. They were referred to as double-negative materials (DNM) or left-handed materi-
als (LHM). Traditional materials have both € and p positive and are called double posi-
tive materials (DPM). In contrast, metamaterials are classified into double negative materi-
als (DNM) when both € and p are negative, epsilon negative materials (ENM) when only
€ is negative and mu negative materials (MNM) when only p is negative. DNMs exhibit
a peculiar property of antiparallel nature of wave and Poynting vectors. These materials
do not exist in nature but are man-made. Recently, DNM as a new man-made composite
metamaterial has received an enormous interest by researchers in physics and engineer-
ing due to its wide range of applications (Shelby et al. 2001; Taya et al. 2012b, 2013a;
Taya and Qadoura 2013; Pendry et al. 1996). DNMs can find interesting applications in
optoelectronics, electromagnetic theory, optical sensing, material science and solid-state
physics. They have many upnormal properties different from positive-index materials such
as negative refractive index. Several theoretical and experimental studies (Pendry et al.
1999; Taya et al. 2013a; Abadla and Taya 2014; Taya and Elwasife 2014) were conducted
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to understand the behavior of electromagnetic waves in such media and find proper appli-
cations such as DNM antennas, stealth effect, and cavity resonator.

In this work, two ternary photonic crystals are proposed as sensors for refractometric
applications. The first one has the structure DNM/air/DNM whereas the second one has the
structure ENM/air/ENM. The transmission spectra from these two structures are studied for
two different values of air refractive index. The wavelength at which the first peak occurs is
observed and its shift due to the variation of the analyte index of refraction is recorded. The
effect of different parameters of the DNM and ENM on this shift is also studied.

2 Theory

Theory of transmission from photonic crystals either binary or ternary can be treated using
transfer matrix method. When an s-polarized wave is an incident on a single layer, it is par-
tially reflected and transmitted. The transfer matrix that relates the incoming and outgoing
fields to each other is called the characteristic matrix and is given by

oS, — 5 sing;

(1

i
—ip;sing; cosé;

where 6; = %nidicos@, w is the angular frequency (w = Z%C), c is the speed of light in vac-
uum, 4 is the wavelength of the incident wave, d; is the thickness of the layer i, n; is the
index of refraction of layer i, 6; is the angle of incidence in layer i, p; = 4 /%i/ 14,608 0,,€;and

u; are the permittivity and permeability of layer i.
The angle of incidence inside layer i (6,) can be related to the angle of incidence (6,)

through the relation

1

n.zsinzﬁ0 2

£ -

2

cosf, = |1- 3
nO

The index of refraction of any layer can be calculated in terms of the permittivity and
permeability as n; = /g;u; for a material with positive parameters and n; = /gy for a
material with negative parameters.

For a one period consisting of three layers, the characteristic matrix is given by

cosS.  —-siné. S S
S = i P, i — 11 12 , 3
' g —ip;sing;, cos§; [ Sa1 Sx )

where

D,sin;sin 6,cos 6;  p3c086,sind,sind;  p;sin 6,cos 6,5in 65
S1; = | cos ,cos 6,c08 65 — - -

D1 P D1
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s < sin §,cos 6,cos 63 + €os §,8in 6,cos &3 4 €0S 6,08 6,8in 63 p,sin §;sin 6,sin &5 >
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Sy = —i(plsin 61COS 6,C0S 83 + P, COS 615IN 6,CO8 §3 + P3C0OS 5;COS 6,5iN O3
P1P3sin 8,sin §,sin 6, >
P2 ’

(6)

p,sin 6,5in 6,C08 63 P,COs §,5in 6,8in 63  p,sin ;08 §,sin d5
S, = | cos 6,c0s §,c0s 63 — CA 3 _ 3.

P2 P3 Ps3
0
The total transfer matrix of a ternary photonic crystal having N periods and each period
comprising three layers can be written as

N
L=[Is 8)
i=1
The transmission coefficient for the proposed photonic crystal can be written as

4

t=
(L11 + L22)2 + (le + L21)2 ®

where L;; are the elements of the matrix L.
According to Lorentz model, the permittivity and permeability of a double-negative
material (El-Agez and Taya 2011) is given by

2

.
pe
£ =g, +———"T— 10
T 0l - @ oy, (19)
2
.
pm
Mr=ﬂa+m (11
m m

where €, and p, are the relative permittivity and permeability, w,,, and w,,,, denote the elec-
tric and magnetic plasma frequency, o, and w,, denote the electric and magnetic resonance
frequency and y, and y,, are the electric and magnetic damping coefficients. For a negative
epsilon material, they are given by

w2

pe
e =€+ —-- 12
b 0l - @+ joy, (12)

and y, = u,.

3 Results and discussion

Two different ternary photonic crystals were assumed with the structures DNM/air/DNM
and ENM/air/ENM. Figures 2, 3, 4, 5 and 8 correspond to the structure DNM/air/DMN
whereas Figs. 6 and 7 correspond to the structure ENM/air/ENM. A photonic crystal with
N=16 periods was considered with each period having three layers. The layer thicknesses
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were taken as d; =12 mm, d,=6 mm and d; =12 mm. The electric and magnetic damping
coefficients were neglected, i.e., y,=y,,=0 so that we don’t have loss or absorption. Other

parameters were taken as o, 0pm=21x10 GHz and ‘Z)—” = Zm = 0.

pe

We first show the dispersion of permittivity and permeability of the DMN to find out
the region in which the two functions are negative. Figure 1 shows ¢, and y, of the DNM
as functions of frequency of the incident wave. It is clear that in the frequency range
1 GHz<w<12 GHz, both ¢, and y, are negative. We will restrict ourselves to this region
to make sure that we work in the negative region.

In each of the following figures, we plot the transmission versus frequency of the inci-
dent wave for two values of the index (n,=1.00 and n,=1.01) of the analyte (air) layer
with An,=0.01. We consider the first peak in the transmission spectrum for the two values
of the index of refraction of the air layer and observe the shift in the frequency due to the
change in the air index. The wavelength shift A1 can be calculated from the frequency
shift. The sensitivity of the proposed sensor can be viewed through the value of AA. The
higher A 4 is, the higher the sensitivity of the sensor.

In Fig. 2, the transmittance profile is shown for £,=1.21 and p,=1.2. The solid line
stands for n,=1.00 whereas the dashed line stands for n,=1.01. The figure inset shows an
enlarged view of the first peak for both values of n,. There is an obvious shift of the fre-
quency at which the first peak occurs. For a refractive index change of An=0.01, the shift
in the wavelength is about AA=5.064 um which is a good shift that can be detected with
recent optoelectronic devices. In Fig. 3, the transmittance versus frequency is displayed
for different values of y, with u,=1.20, 1.25, 1.30 and 1.35. As can be seen from the fig-
ure, the wavelength shifts corresponding to An=0.01 are 5.064, 5.124, 5.185 and 5.247 for
u,=1.20, 1.25, 1.30 and 1.35, respectively. This means an enhancement of the sensitivity
can be obtained with the increase of y,. If p, is kept constant and ¢, is changed to have the
values 1.31, 1.41, 1.51 and 1.61 as shown in Fig. 4, the shift becomes AA=5.467, 5.686,
5.708 and 5.927, respectively, for the same change in the analyte refractive index. When
the value of either ¢, or y, is enhanced, the sensitivity can be improved.

We now turn our attention to electric plasma frequency (w),) and electric resonance
frequency (w,) to find out the effect of changing the ratio @, /w, on the sensitivity. In

Fig. 1 &, and u, versus 0 4
frequency for the DNM for 1 1
g,=121,1,=12, 20 ]
@, = Wy, =27 X 10 GHz, 404 J
Ye=tm=0and2 =22 =10 & | ]
@, O -604 4
-804 4
T T T T T T
2 4 6 8 10 12
0 4
-20 4 4
_ -40-] i
= 1 |
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Fig. 2 Transmittance versus frequency for the ternary photonic crystal consisting of DNM/air/DNM for
different values of n, for N=16, d,=12 mm, d,=6 mm, d;=12 mm, =121, p,=12,
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Fig. 4 Transmittance versus frequency for the ternary photonic crystal consisting of DNM/air/DNM for
different values of n, for N=16, d;=12 mm, d,=6 mm, d;=12 mm, y,=1.2, w,, = @,,, = 2z X 10 GHz,
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Fig. 5 Transmittance versus frequency for the ternary photonic crystal consisting of DNM/air/
DNM for different values of n, for N=16, d;=12 mm, d,=6 mm, d;=12 mm, ¢,=1.31, p,=1.2,

®,, = W, =27 X 10 GHz, and y, = y,, = 0. The figure is plotted for two values of @, /@,
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Fig. 5, the transmittance versus frequency is shown for two values of w,./w,. In the
upper and lower panels, the ratio w,, /a) was chosen to have the values 10 and 8, respec-
Ze = 10, the wavelength shift is A1=5.467

but for 2 = 8, this shift was obtained as AA: 5.179. It is clear that as the ratio . /@,

increases the sensitivity can be enhanced.

We now change the structure to check a photonic crystal with two negative epsilon
material layers. The transmittance versus frequency for a structure consisting of an air
layer sandwiched between two ENM layers is illustrated in Fig. 6 for two different val-
ues of n, with An=0.01. The parameters were taken as e,=1.21, py,=1 and
®,, = ®,, =27 X 10 GHz. The solid line stands for n,=1.00 whereas the dashed line
stands for n,=1.01. There is a huge frequency shift due to the change in the refractive
index of the analyte layer. The wavelength shift was found to be AA=129.1 um. Com-
pared to the structure DNM/air/DNM, the sensitivity of the structure ENM/air/ENM is
much greater and is estimated as 26 times of the sensitivity of the former structure. In a
similar manner to Fig. 5, the sensitivity of the structure ENM/air/ENM can be slightly
enhanced with the increase of the ratio w,./®, as can be seen m Flg 7. The wavelength
shift was found AA=129.1 um for = w — 10 and Ad=128.2 for == = 8.

It is interesting to investigate the effect of the electric and magnetic damping coef-
ficients in one of the two proposed structures. If the metamaterial becomes lossy and
the damping coefficients are no more zero. This is more realistic than considering loss-
less metamaterials. Figure 8 shows the transmittance profile for y,=y,, =27z X 0.1 GHz
in the DNM/air/DNM structure. As can be seen from the figure, the transmission peak
does not reach unity and this can be attributed to loss. The most fascinating feature
that can be seen in the figure is the sensitivity enhancement compared to Fig. 2. When
the refractive index of the analyte layer changes from n,=1.00 to n,=1.01, the reso-
nant wavelength shifts by an amount of AA=16. 07 um as can be seen in Fig. 8. When
the metamaterial was considered lossless, the shift in the wavelength was found to be
AA=5.064 um as shown in Fig. 2. There is an improvement of 217% due to the loss of
the metamaterial.

Fig. 6 Transmittance versus
frequency for the ternary 1.0 -

photonic crystal consisting of
ENM/air/ENM for different '
values of n, for N=16, 0.8 1 :
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@, = W, —ZHXIOCZHZ, = '
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Fig. 7 Transmittance versus frequency for the ternary photonic crystal consisting of ENM/air/ENM for dif-
ferent values of n, for N=16, d;=12 mm, d,=6 mm, d;=12 mm, £,=1.21, p,=1, ®,, = ®,, =2z X 10
GHz, and y, =y,, = 0. The figure is plotted for two values of . /@,
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Fig. 8 Transmittance versus frequency for the ternary photonic crystal consisting of DNM/air/DNM with
two lossy metamaterials for two different values of n, for N=16, d;=12 mm, d;=6 mm, d;=12 mm,

£,=121,1,=12,0,, = w,, = 2r x 10GHz, 7, = 5,, = 27 X 0.1 GHz, and 2= = % = 10

@Oy

4 Conclusion

Two ternary photonic crystals were proposed as sensors for detection of small changes
in the index of an analyte layer. The photonic crystals were assumed to have the struc-
tures DNM/air/DNM and ENM/air/ENM. The transmission spectra from these two struc-
tures were investigated and the shift in these spectra due to the variation in the index of
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refraction of the analyte was determined. It was found that both structures are sensitive to
any change in the index of an analyte layer. When the index of refraction of an air layer
changes by An=0.01, the shift in the wavelength is about AA1=5.064 um in the structure
DNM/air/DNM. This shift is a good shift that can be defected with recent optoelectronic
devices. Moreover, the sensitivity of the structure DNM/air/DNM can be enhanced with
the increase of €,, y,, and the ratio w,, /®,.

The structure ENM/air/ENM exhibited much greater sensitivity. It showed a wavelength
shift of AA=129.1 um for a change in the analyte index of 0.01. This means that the struc-
ture ENM/air/ENM is much more sensitive to variations in the index of an analyte layer. It
is about 26 times of the sensitivity of the DNM/air/DNM structure.

It is worth mentioning an example on how to detect the wavelength shift in this low
energy region. In a recent paper, the realization of archimedes spiral antenna for a radar
detector was investigated, where this radar detector can be employed to detect radar signal
transmission within the frequency range of 2—-18 GHz (Wahab et al. 2013). This antenna
was fabricated to cover multiple bands: S band (2-4 GHz), C band (4-8 GHz), X band
(8-12 GHz) and Ku band (12-18 GHz). It has a spiral shape with a radius of 2.5 cm
(Wahab et al. 2013). We believe that this antenna can be used to detect the wavelength shift
in the proposed sensor.
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A non-circular core fiber with a metamaterial cladding using gold is proposed. The mode confinement properties
of the disclosed fiber are investigated under various metallic (gold) and dielectric (Al,O3) thickness for different
wavelengths and different elliptic ratios of 0.8 um and 0.9 um. The parameters like birefringence, confinement
loss and dispersion are numerically analyzed theoretically using finite element method (FEM). The overall
performance of the proposed fiber is studied and the results show that the fiber exhibits a stable relation between

birefringence and confinement loss.

Introduction

Metamaterials are the man-made materials with unusual properties
which are not found in nature and it possess electromagnetic properties
ranging from radio frequency and microwaves up to optical frequencies
[1]. Their properties arise from the structure rather than the materials it
is made up of. Metamaterial refers to the material which has its prop-
erties beyond the natural materials as the Greek word “meta” means
beyond [2] and is also referred as negative index materials (NIM) as
they have the negative real part of permittivity and permeability re-
spectively [3]. These metamaterials are made up of complex materials
like metals, its oxides or plastics even to have unique behavior like
negative refraction, anti-forward propagation [4,5], sub diffraction [6],
cloaking[7] and so on. This metamaterial provides an interesting re-
search area for scholars, by allowing skeletonizing it with chosen ma-
terials and even enabling their properties controllable during process
with suitable procedures. Tunable based metamaterial filter, frequency
selective surface and nonlinear metamaterials are the various types of
metamaterials that can be designed and utilized for various applications
[8].Ideally the mode propagation is uniform in circular core fibers. But
practically it is not uniform and it has slightly different group and phase
velocities. In addition to that perturbations in fiber such as twist, bend
and stress produces a birefringence in the fiber, which changes the
phase and signal strength with time and temperatures. Hence
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birefringence analysis becomes important. The applications of meta-
materials include, sensors [9], isolators [10], ring resonators [11], an-
tennas [12], splitters [13] and so on, as it can be integrated with all
other technologies with a great ease. In this paper, we propose an an-
isotropic metamaterial (AMM) cladding with a hollow elliptical core
with different metal-dielectric concentrations for wavelengths ranging
from 300 nm to 900 nm. Recent analysis of circular core metamaterial
fiber [14] with air core guidance [15] to show the electromagnetic
propagation effect throughout the length of waveguide structure and
stopping the light guidance [16] is exhibited. Recently, mahalakshmi
et al., proposes the elliptical air core [17] with silver metal property to
study the birefringence character and the same structure has been fol-
lowed. This paper deals the metamaterial property due to adding gold
with dielectric and analysis the optical properties is numerically ana-
lysis with different metal and dielectric concentrations as well as el-
lipticity ratios (see Fig. 1)

Design methodology

An equal proportion of metal (gold) and dielectric (Al,O3) for an
anisotropic metamaterial layer is taken into account which could be
varied later. Metal and dielectric layers are mounted alternatively and
rolled up forming a cylindrical waveguide which has its core disturbed
to be elliptical (eg: semi major axis as 1.8 um and semi minor axis to be
2 um).

The effective permittivity which has vital part in personalizing the

2211-3797/ © 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
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Fig. 1. Cross-sectional view structure (¢-effective permittivity, [¢]-tensor form of
permittivity) with cladding 3 um, core having the semi major axis b = 2 and
semi minor axis a= 1.8 um of ellipse.

structured AMM is calculated in tensor form using the formula [18]
below as,

ercos?(p) + gpin®(p) (ei—gpsin(p)cos(p) 0
(e.—gpsin(p)cos(p) esin®(p) + geos* (@) 0
0 0 E”

[ef] =
@

where, [¢¢7] is the effective permittivity of the AMM, ¢ refers the in-
cident angle of light energy.

¢,.g-Perpendicular and parallel components of [¢4].

The calculated permittivity tensor value is both real and imaginary
terms. The relation between perpendicular and parallel components of
[€4F] and metal-dielectric concentration has to be found to calculate the
effective permittivity using the above formula. Hence we need to know
the values of both ¢ and g which is given as,

off _ (Co + Ca)emea
gff = om T —diimtd

Cagm + Creg (2)
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eff _ CmEm + Cata

g= =
Cn+ Cy 3)

where, ¢,, and ¢; being the permittivity of the metal and dielectric and
the expression has been noted and its effective permittivity with func-
tion of wavelength has been calculated and plotted in [17] where Cp,, C4
implies the ratio of concentration of metal and dielectric in the whole
structure that forms the desired AMM fiber. Thus from Egs. (1)-(3), it is
noticed that any change in C,, and Cq4, changes the value of effective
perpendicular and parallel components, whose effect is realized in the
effective permittivity and thus confinement characteristics of provided
wavelength is altered. A variation in effective permittivity for different
wavelengths is the desired anisotropy which is plotted for different
metal and dielectric concentrations with real and imaginary terms
isolated. Hence, it is observed that the field propagation in either core
mode or cladding mode is decided by metal/dielectric combinations
and its medium parameters (parallel and perpendicular components). In
this paper, we investigate the characteristics like effective mode index,
birefringence, confinement loss and dispersion using FEM at two dif-
ferent combinations of metal/dielectric thickness (C,, = C; = 0.5 and
Cn = 0.25,C4 = 0.75 thus making C,, < Cy). Using above equations, the
pulse propagation in proposed fiber is shown below

The mode deviation and the electric field distribution of the pro-
posed fiber are given below,

It is noted that as the two kinds of definite modes is generated as the
proposed structure is in elliptical, which is inferred through the de-
viations in the arrow directions.

Its corresponding mode index of fundamental modes (LP;&LP11,
for both the cases (¢, = cq & ¢, < cg) is calculated and values is
plotted for ellipticity ratio of 0.8 and 0.9 as shown below in Fig. 2. Each
mode is identified by Electric field distribution which is shown by
arrow mark indicated by red line.

Similarly, the variation of effective mode index is studied with
function of wavelength for ellipticity ratio as 0.8 and 0.9. The calcu-
lated mode index is plotted with two diiferent case of metal dielectric
such that in equal proportion and higher proportion of dielectric than
the metal.

Fig. 3 and 3(a) clearly shows that the modal index variation is de-
creased with increasing of wavelength. It implies the pulse propagation
speed is drastically increasing with dropping modal index (see Fig. 4).

Asymmetrical mode propagation with distinct polarization

Fig. 2. Propagation of x and y polarized modes of LPy; and LP,; .for C,, = Cy4 at the wavelength of (i) 300 nm and (ii) 500 nm.
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directions (X and Y) gives rise to even and odd modes which is mainly
due to the disturbed core. In an elliptical core, a difference in index
arises as the light pulse propagates through and this causes inequality in
speed of x and y components resulting in a temporal shifting/time
difference in detector. The shifted pulse is the effect of index difference
between fast and slow axis (x and y) respectively. This index difference
is coined as “birefringence” of a fiber which can be perturbed byfiber
strucutre. The birefringence is expressed mathematically as,

4

Where, ny and ny, are the refractive indices for orthogonally polarized x
and y modes, X and y- polarized even/odd modes are generated bythis
induced birefringence. The modes are identified by their field direction.
When field direction is uniform, then it is taken as even modes and if
the field direction is not uniform, then it is accounted as odd modes.
The effective mode index for each polarization under different wave-
lengths and metal- dielectric concentration is generated and the bi-
refringence effect is studied. The calculation plotted for each case is
shown below,

B = Iny—nyl

Results and discussions

In this proposed design, an ideal meta-fiber with elliptical core
having anisotropic medium parameters (eg) is simulated using
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COMSOL Multiphysics for two different ellipticity ratios. It is observed
that the mode propagation along the hollow elliptical core is influenced
by the changing values of effective permittivity for different wave-
lengths and for two different metal- dielectric concentrations (C,, = Cq
and C, < Cy). For an incident wavelength, the fundamental LPgy;
modes and the auxiliary LP;; modes are identified for the proposed
structure.

Since the core is elliptic, birefringence is taken into account and it is
calculated theoretically using Eq. (4) and plotted as a function of wa-
velength for different concentration of metal and dielectric as shown in
Fig. 4.

The variation of mode propagation is in our proposed structure is
distinguished by the filed distribution which could be calculated by Eq.
(4) and plotted which exhibits its linear birefringence. It is noted here
that mode propagation of index difference of LPy; is prolonging than
LP;; for each case of (C,, = C4 & Cy, < Cy). But the mode propagation
of index difference for LP;; is sustained as increasing of dielectric
concentration than metal concentration.

The other most desirable parameters are confinement loss and dis-
persion expressed as follows,

a = 8.686 X 277[ X 10 X Im (neg)

D= (E) D2y
AJ\ dr? 6)
The calculated confinement loss for various metal-dielectric con-
centration (C,, = C; and C,, < Cy) and ellipticity ratio is plotted as
shown below. Due to the uniform behavior of loss in both ellipticity

ratio, here we have shown the loss spectra for any case (ER = 0.8) at
equal  metal-dielectric = concentration &  metal < dielectric

(5)
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concentration. range of wavelength for Figs. 5(a) and 5(b). The loss spectra will

From the Fig. 5, it is clear that the behavior of loss spectra exhibits
as linearly increasing and attains it maximum at particular wavelength
then it gradually decreased and continues the same behavior for the
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maximum for equal meta-dielectric concentrations whereas it will be
reduced at the case of metal < dielectric concentrations. Similarly, the
calculated value of dispersion for proposed structure is shown below
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Fig. 5. Variation of confinement loss for C,, = C4 with ellipticity ratio of 0.8 b) Variation of confinement losses for C,, < C; with ellipticity ratio of 0.8.
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Table 1
Comparison table of optical properties at 900 nm.
Ellipticity 0.8 0.9
Cn=Cq Cn < Cq Cn=Cq Cn < Cyq
Dispersion (ps/nm/km) for LP¢; 720 960 680 770
Birefringence for LPy; 0.010 0.0069 0.004 0.0037

(see Fig. 6).

The Table 1 shows that the dispersion values get increasing when
thickness of metal and dielectric layer tends to increase. Similarly the
high birefringence values have been shown for equal proportion of
metal and dielectric at the ellipticity ratio of 0.8. Hence, it is analyzed
that the calculated optical properties are highly appreciable perfor-
mance at the ellipticity ratio 0.8

The variation of second order dispersion gives the linear variation of
LPy; and non-linear variation of LP;; at entire wavelength. Such a
variation gives the information about the proposed structure which
gives the lower efficiency in communication system and high stable and
good impact of sensing devices. The maximum loss spectra give its
corresponding resonant wavelength which provides key path for
finding sensitivity. In regards of communication application, the other
metal such as silver makes good responsibility.

Conclusion

We have proposed a novel design of elliptical core anisotropic me-
tamaterial for different metal (Au)-dielectric (Al,O3) concentration and
for different ellipticity. By the presence of anti-symmetric nature in
proposed structure, it experiences a birefringence effect which char-
acteristics have been studied for LPy; and LP,; for the function of wa-
velength and also some other essential parameters like confinement loss
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and dispersion is analyzed for different ellipticity (0.8 & 0.9). Finally we
inferred here that addition of gold leads to good application for making
sensor device using metamaterial.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.rinp.2018.05.023.
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A novel design of circular hybrid photonic crystal fiber (CH-PCF) with high nonlinearity and high numerical
aperture (NA) is introduced in this paper. The numerical simulation results are obtained by using finite element
method (FEM) and selecting finer mesh. Some fundamental optical parameters such as nonlinearity, effective
area, scattering loss, power fraction and NA for the two orthogonal polarized modes are rigorously evaluated.
Significant improvement of PCFs in terms of the non-linearity and NA are demonstrated by carefully in-
vestigating of the geometrical parameters of structure. The reported design undoubtedly confirms high non-

linearity of 128873.1183 W™~ 'km ™! for x-polarization and 152134.1052 W~ ' km ™! for y-polarization respec-
tively at the optical wavelength of 0.5 um. Simultaneously, outmost NA of 0.57 and 0.59 are found at optical
wavelength A = 2.5um. So, the obtained outcomes make the proposed PCF a prominent candidate in super
continuum generation as well as all optical signal processing applications.

1. Introduction

Photonic crystal fiber is new types of optical fiber where cylindrical
shape air holes run through the total fiber. Low-loss periodic dielectric
medium based photonic crystal fiber is built by utilizing a periodic
array of tiny air holes which is run along the whole fiber length. For
showing broadened optical properties, PCFs or microstructure holey
fibers are best fitted with some new applications, for example, fiber
sensors and capacity to maintain high polarization, super continuum
generation, broadband dispersion controlling four wave mixing, all
optical signal processing and so on. In PCFs, nonlinearity is one of the
most fundamental possessions for some applications including optical
switching, optical parameter amplification, optical regeneration, super
continuum generation, and optical wavelength conversion [1,2]. Be-
sides microstructures PCFs are also found in some wonderful applica-
tions such as all optical logic gates [3], optical demultiplexer [4], op-
tical switch [5] and many more. PCFs have numerous tunable
properties, for instance; air hole distance diameter, pitch, cladding,
background material, doped core and so on. These adaptabilities give
better control over nonlinearity, confinement loss, NA, effective mode
area. These are achievable in PCF but unachievable in single mode

fibers (SMFs). PCFs are mainly characterized into two concentrations,
one is index guiding (IG) and the others is photonic band gap (PBG)
PCFs. In these PCFs, in the middle of core and cladding high refractive
index contrast is strictly maintained for optical guidance.

To accomplish proficient nonlinear procedures, PCFs are very well
known, for example, all optical wavelength transformation, optical
parametric amplification and super continuum generation [6,7] etc. are
the most attracted incredible interests [8,9].

To accomplish high nonlinearity, researchers have considered the
conduct of PCFs by utilizing nanostructure core with high refractive
index. Pure silica core of a PCF make nonlinear coefficient is very low
just around 100 W~ 'km™~'. The scenario of the matter is that the
nonlinear refractive index of silica is soft, nominally
29.6 x 107** W™ 'm? To enhance high nonlinearity, higher nonlinear
refractive index based materials are embedded inside the core region.
Recently, Liao et al. [10] proposed a PCF of high nonlinearity utilizing
nano scale slot core. The PCF displays a high nonlinearity up to
3.5739 x 10*W 'km™'at the optical wavelength A = 1.55pum.
Huang et al. proposed a slot coiled silicon PCF having a high nonlinear
coefficient up to 1068 W~ *km ™' [11]. In both articles, the structure
leads to the fabrication complication due to the use of slot inside the
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core region. Li and Zhao utilized nano wires of gold in center and it
supports polarization dependent coupling and transmission [12]. Liao
et al. [13] recommended a winding PCF of high nonlinearity showing
nonlinear coefficient of 226 W~ km ™' at the communication band. In
the year 2016, Amin et al. [14] proposed a spiral shape photonic crystal
fiber employing GaP strips inside the core for high nonlinear purpose. It
demonstrates a high nonlinearity order of 10*W ™' km ™! through the
investigational electromagnetic spectrum. In any case, fiber shows
confinement loss of 10°dB/km and 10~ '°dB/km for x and y polar-
ization modes, individually at 1550 nm wavelength. To create strands
having huge nonlinearity with nanoscale slot core, recently article [15]
is published. Slot bismuth PCFs are proposed by K. Saitoh et al. [16]. It
also certified the high nonlinear coefficient of 11 W' m™ at the elec-
tromagnetic wavelength A = 1.55um. Very recently in 2018, another
nanoscale GaP strips based silicon PCF is introduced in the article [17]
and it achieves ultrahigh nonlinear coefficient of
63435.74 W~ ' km ™! at the controlling wavelength A = 1.00 pm.

In the presented article, CH-PCF is proposed for high nonlinear
applications. The geometric structure of the proposed PCF is very
simple. Moreover the air cavities of the PCF are perfectly circular. To
best of our knowledge this types of PCF has not been previously pub-
lished for such type of applications. The suggested PCF demonstrated a
high nonlinear coefficient up to 128873.1183W 'km™! and
152134.1052 W' km™ at the optical wavelength A = 0.5um for the
fundamental x-polarization and for y-polarization, respectively. As far
as anyone is concerned, this is the most beneficial outcome contrasted
with recently published articles. In this manner, proposed fiber can be
helpful for super continuum generation, optical parameter amplifica-
tion and all optical signal processing applications.

2. Fiber design and theory

The geometric perspective of the proposed CH-PCF with amplified
sight of slot core is exhibited in Fig. 1(a) cladding region and (b) core
region embedded with silicon nano crystal. The outline is kept as basic
as it could reasonably be expected. The cladding region is engineered
with perfectly circular shape air holes. The first three layers of the
cladding air holes rings are organized in hexagonal manner and rest of
two layer rings are positioned in circular manner. It means. The air gap
distance across in cladding distance, d = 1.40 pm and 1.50 um with the
pitch estimation of A = 1.60 um. Air filling portion in the cladding

(b) Core
view

(a) Cladding view

Fig. 1. The end faces cross sectional view of microstructure PCF; (a) cladding
region and (b) core region embedded with silicon nano crystal.
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region is formatted by d/A. Adapting with the manufacturing possibi-
lity the air filling fractions (AFF) are strictly preserved. In this work, a
reasonable AFF of < 0.93 is regarded. Because high value AFF of any
PCF is a key factor which directly leads fabrication hindrance. The
foundation material is silica which is commercially available. Besides
silica has some extraordinary optical behaviors such as high optical
transitivity, low loss, inert with water or chemicals (i. e. acid, base etc).
The inner region of the proposed PCF is embedded with optical material
of silicon nano crystal. Nonetheless an absorption boundary PML with
depth 10% of cladding diameter has been employed. PML boundary
plays a significant role by diminishing undesirable nonphysical elec-
tromagnetic radiations. The mode field distributions of the proposed
structure are exhibited in Fig. 2 (a) x-polarization and (b) y-polarization
at A = 1.55 pum. It is nicely comprehended the small effective mode area
for both orthogonal polarizations. This small zone of the compelling
mode gives ascent of huge nonlinearity.

3. Numerical methods and results analysis

Numerical investigation is a vital portion for characterization de-
signed model. In this work, the state and art of the PCF has been done
by FEM based commercially accessible software package COMSOL
Multiphysics version 4.2. Moreover it takes less computer memory and
computational time for electromagnetic investigation. Number of de-
grees-of-freedom (DOF) is fixed here and 48,547 are found from the
indicated model. FEM provides the propagation constant spontaneously
having more accurate result by solving the matrix eigenvalue problem
even the structural mensuration is more complex. The base material is
pure silica. The refractive index of silica is dependent on electro-
magnetic wave. There is also established an imperial relationship for
the determination of the refractive index. In the year of 1871, Wilhelm
Sellmeier developed an equation as follows

BiA?

3
nA)=1+
@ ZL: (€3]

Where, B; and C; are the sellmeier coefficients of silica and A is the
controlling wavelength in pm unit.

Optical power flows through the fiber core for propagation mode.
Power flow distribution is not same for core, cladding and material. So
core, cladding and material paper fraction has been investigated for
better realization using the imperial relation. Besides, there are found
two fundamental modes like X-polarization and Y-polarization for
propagation constant 3. Very small variation exists in refractive index
for these two orthogonal polarizations. The power fraction (in %) can
be calculated by the following relationship.
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Where, x is the area of interest (i. e. core, cladding and material) and
all means cross sectional entire area of that PCF. Estimation of the ef-
fective mode area is very much substantive. Effective mode area or
effective area (EMA) is the prerequisite for resolving nonlinearity as
well NA. The nonlinearity and the NA can be calculated by the fol-
lowing equation as follows.

_ (B, y)Pdxdyy
T B, y)Fdxdy 3)

Where, E(x,y) is the modal field distribution. Now nonlinearity and
NA can be computed by the following mathematical expressions
27

Nonlinearity (y) = = X
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Here, n, represented nonlinear coefficient of equation (4), of the
optical material embedded inside the core region. From the small size
core area with comparative larger size air hole in the outer boundary of
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